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Chapter i 

Introduction: Equity in Mathematics 
Education 



Gabriele Kaiser and Pat Rogers 



Research and intervention over the past three decades have greatly increased our 
imderstand'.ag of the relationship between gender and participation in iiiathe- 
maties education. Research, most of it quantitative, has taught us that gender 
differences in iiiatheniatics achievement and participation are not due to biology, 
but to complex interactions among social and cultural factors, societal expecta- 
tions. personal belief systems and eonfidenee levels. Intervention to alter the 
impact of these interactions has proved successful, at least in the short term. 
Typically, interventions sought to remedy perceived ‘deficits’ in women’s attitudes 
and/or aptitudes in mathematicb by means of ‘special programmes’ and ‘experi- 
mental treatments’. But recent advances in scholarship regarding the teaching and 
learning of niathcmaties have brought new insights. Current research, profoundly 
influenced by feminist thought and methods of enquiry, has established how a 
fuller understanding of the nature of mathematics as a discipline, and different, 
more inclusive instructional practices can remove traditional obstacles that have 
thwarted the success of women in this important field. Some argue that practices 
arising out of contemporary analysis will improve the study of mathematics for all 
students, male and female alike. 

This book provides teachers, educators and other interested readers with an 
overview of the most recent developments and changes in the field of gender and 
mathematics education. Many of the chapters in this volume arose out of sessions 
on ‘Gender and Mathematics Education’ organized by the editors for lOWME 
(International Organization for Women and Mathematics Education) as part of 
ICME-7 (the Seventh International Congress on Mathematical Education) held in 
Quebec City, Canada in August 1992. We are fortunate to have in one volume the 
perspectives ofinteriiationally renowned researchers and practitioners from all over 
the world, and from a variety of ethnic and cultural backgrounds. 

However, the book does more than provide a review of current thinking in 
the area for vve have grounded our overview in a model for understanding how 
change occurs. This model, developed by Peggy McIntosh (1983), arose out of an 
examination of the evolution of efforts in North America to loosen eurrieulum 
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from a iiiale-doniinated, Eurocentric world view and to evolve a more inclusive 
curriculuni to which all may have access. We acknowledge the danger and the 
difficulties inherent in attempting to classify anything into what might be narrow 
or restrictive categories. Nonetheless, we believe that applying this model to 
mathematics education provides new insight and guidance for future endeavours. 
Using the model as a lens for examining attempts to change the relationship 
between gender and mathematics education, we are able to discern and question 
underlying assumptions, to appreciate where we have been and to understand how 
certain feminist theories and cultural influences have affected and transformed our 
practical efforts to implement changes suggested by the research. We are then able 
to ask the important questions: where are we heading and to what end? 

In this introductory chapter, we describe the McIntosh model and locate 
work in the area of gender reform of mathematics education in phases of her 
model (for an earlier application of the McIntosh model to mathematics 
education, see Countryman, 1992). In terms of the McIntosh model, we arc in a 
transitional stage, between Phase Three (seeing women as victims or as problems 
in mathematics) and Phase Four (seeing women as central to the development of 
mathematics). This book is organized to lead the reader through this transition; as 
well it presents some critical perspectives and insight from researchers in 
developing countries which broaden and enrich the discussion. 



Understanding Curriculum Reform 

According to Peggy McIntosh, her typology of interactive phases of personal and 
curricular revision derive from her work in helping ‘traditionally trained white 
faculty meml rs to bring into the liberal arts curriculum new materials and 
perspectives from women’s studies’ (McIntosh, 1989). The model comprises five 
stages of awareness which, according to McIntosh, are patterns of realization or 
frames of mind which occur in succession as individual scholars re-examine the 
assumptions and grounding of their discipline and enlarge their understanding of 
the field. For example, in the field of history, 

[t]raditionally trained white . . . [historians] . . . were likely to move from 
thinking and teaching in Phase One: Wo man less History, to Phase Two: 
Women in History. Then followed an expansion into Women as a 
Problem, Anomaly, Absence or Victim in History. All of these are, or can 
be, conceptually male-centred. I identify as Phase Four the far more 
daring Women’s Lives As History, and looked toward Phase Five: History 
Redefined and Reconstructed to Include Us All. (McIntosh, 1989) 

The issue for the authors of the chapters in this book is how to reform 
mathematics education to ‘include us all’, or more specifically, to include a greater 
proportion of women. Efforts in the west to achieve gender balance in 
mathematics education have derived from the essentially nionocultural view that 
a certain measure .of familiarity and competence with mathematics is important to 
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every iiidividiiars future growth and economical survival According to McIntosh 
(1989), those who ‘think nionoculturally about others, often imagine that 
others’ lives must be constituted of “issues” or “problems” . . Thus, in 
attempting to change a perceived gender imbalance in mathematics participation, 
we have tended to see women who do not embrace mathematics as deprived, as 
having ‘a problem’ which we need to fix. When we enlarge the scope of our 
reform efforts, another danger of nionocultural thinking is evident when wc 
blindly apply methods that have been successful in one culture or one ethnic group 
to another without any, or at best with only minimal, adaptation to local needs and 
circumstances (see in particular. Chapter 14 by Saleha Naghmi HabibuUah, for a 
spirited attack of this view). 

Applying McIntosh’s model to mathematics, we discern five phases, which wc 
name fidapted from Countryman, 1992, p. 84): 

• Pha^e One: Wonianless mathematics; 

• Phase Two: Women in mathematics; 

• Phase Three: Women as a problem in mathematics; 

• Phase Four: Women as central to mathematics; and 

• Phase Fi\e: Mathematics reconstructed. 

This book is organized according to these phases. In this introductory chapter 
we draw extensively on McIntosh (1989) to describe the first three (essentially 
nionocultural) phases of the model in the context of reform in mathematics 
education. However, we should warn the reader, as does McIntosh herself, that 
these phases do not always occur in the succession given here. Individuals may 
weave back and forth between and among the phases. Part 1 provides an overview 
of approaches to gender reform of mathematics education which challenge the 
nionocultural assumptions and deficit philosophy of Phase Three and by virtue of 
their debt to feminist influences exhibit qualities which place them somewhere in 
the transition between Phase Three and Four. It is also important to remember that 
the McIntosh model has grown out of a North American perspective. The 
situation may ’oe very different in other countries and in particular in the 
developing world, an issue which is raised in Part 2 of the book. Furthermore, not 
all western countries are currently at the same stage of awareness of the issues. For 
example, scholars in Cicrniany and Sweden began to work in this area only in the 
late 1980s (see, for example, Kaiser-Messmer, 1994 and Grcvholni, this volume, 
C'hapter 6), while work in England, Australia and North America has been in 
progress for over two decades. The chapters in Part 3 describe recent advances in 
developing a Phase Four approach to mathematics education, one in which 
women’s experience is central to the discipline and to its pedagogy. The chapter 
wc have used as our epilogue allows us to imagine where we will be when our 
Work is done. 
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The Early Phases of Gender Reform in Mathematics Education 
Phase One: Mathematics 

When the editors of this book were in secondary school, it was unusual for women 
to specialize in mathematics beyond the compulsory years of schoolings even rarer 
for them to go on to university to study mathematics. None of the theorems listed 
in our mathematics textbooks were named after women, or if they were, this fact 
was not made apparent to us. The language ot instruction was unselfconsciously 
male, examples dealt with male experience. One of iis^ Rogers, developed a habit 
of personifying mathematical objects and w^as not even aware that she did so until 
years later when one of her students pointed out that she referred to mathematical 
terms and objects exclusively as ‘him' or ‘he'. Before leaving school to enrol in a 
prestigious university' to study mathematics, she did not think it incongruous that 
the book prize she received for excellence in mathematics was entitled Men of 
Mathenuitics (Bell, 1937), Mathematics was what men did. We learned that women 
had not been necessary to the development of mathematics, and were unlikely to 
be essential to its future development. In this phase, many women who 
nevertheless pursue mathematics experience silence and exclusion, a feeling that 
'this is not about me’, a feeling not unlike the first stage of knowing described by 
Belenky et al. (1986) and discussed by Becker in Chapter 20, 



Phase Two: Hbnien in Mathematics 

This phase in mathematics education reform began in North America in the 1970s 
when scholars began to investigate the lives and works of the few exceptional 
women throughout history who had been successful in mathematics, tor example, 
Hypatia, Sonya Kovalevskya, and Emmy Noether. Although this phase challenges 
the all-male foce of success in mathematics, it presents no challenge to the terms 
of success. Despite its roots in early North African civilizations, 'Mathematics 
remains what white men do, along with a few token women’ (Countryman, 1 992, 
p. 77). The history of exceptional women in mathematics was injected into our 
experience (see, for example, Lynn Osen's 1974 reply to E.T, Bell, IVomen of 
Mathematics). The problem with the Phase Two — ‘famous few approach 
(McIntosh, 1989) that it teaches about women mathematicians as exceptions and 
can convey the impression that most women do nothing of any value in 
mathematics, and that they can only be worthy of notice if they become more like 
men. It ascribes to women in the field a ‘loner' status that makes them vulnerable 
to every setback. It leaves women mathematicians believing that they can make it 
on their own by virtue of sheer hard work, and that if they don't, their failure has 
sofiiething to do with personal merit rather than with the way mathematics culture 
is organized. In contrast, those who are successtul may begin to tear they will not 
be seen as female anymore. For example, Rogers, who went to an all-girls 
secondary school, learned to be proud of being good at something in which 
women didn't excel — she was one of only three girls who continued to study 
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mathematics to the end of secondary school and the only one who ultimately 
pursued a career in pure mathematics. But privately, she also began to experience 
a nagging feeling that perhaps she wasn't a real women. Her self-image during this 
period of her life was that of a long bean-pole with a large pulsating sphere on the 
top. Her internal struggle between the life of a woman and the life of the mind 
made it diSicult for her to embrace the intellectual life she enjoyed and retain an 
integrated sense of herself at the same time. 

A further problem with this ‘woman mathematician as exception' phase is that 
it focuses on individual success, on ‘winners and losers', and thus devalues those 
who prefer coUaborath'e approaches. Group work is thus not encouraged in the 
classroom and mathematics is seen as the prc>pert\' of experts. Again referring to 
Belenky et <?/,, this is a phase that encourages and promotes a received view of 
knowledge (see Becker, Chapter 20). 



Phase Three: IVotfien as a Probletn itt Mathcfuatics 

An illustration of a shift in approach to Phase Three is pro\ ided by the residential 
mathematics camps for 15 year-old girls, entitled ‘Real Women Don't Do Math!' 
(Rogers, 1985), which Rogers organized in the summers of 1985 and 1986. The 
title of this camp was inspired by th<‘ phrase ‘real men don't eat quiche', popularly 
used at that time to challenge conventional notions of what it meant to be a man. 
In the playful title ot Rogers' camp, we can discern the shift from seeing the 
woman mathematician as a ‘loner' to viewing mathematics as for all women. We 
can also sense the frustration with the prevalent assumption that mathematics is a 
field in which women have difficulty (this is perhaps more evident in the title of 
the video that grew out of the camp: ‘Real Women Don't Do Math! — Or Do 
They?'). 

In North America since the early 1980s, and in other English-speaking 
western countries such as Britain and Australia, gender reform of mathematics has 
been dominated by intervention projects. The largest and most influential of these 
projects is the North American EQUALS project which has developed a variety 
of teaching materials, workshops and one-day careers conferences (with titles like 
'Expanding Your Horizons') with the explicit purpose of increasing women's 
interest in mathematics. The aim was to make female students more aware of the 
need for mathematics in an increasingly technologically driven world and of the 
importance of keeping their career options open in order to compete successfully 
in it, and to make their teachers and parents aware of the problem of women's poor 
participation in mathematics (see, for example, Kaseberg ct a/., 1980). 

Undoubtedly programmes such as these have had a crucial influence on the 
e\olution ot our thinking on the issue and they have met with much success in 
achiesing their goals. However, as mentioned earlier, a difticulty with these 
approaches is that they derive from a nionocultural perspective that does not notice 
that women may have made conscious choices to avoid a subject that was in itself 
alienating. Rather, it is assumed that women avoid mathematics because of 
ignorance concerning the importance of mathematics to their futures and the dire 
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consequences should they avoid mathematics. A different, still popular means of 
intervening, is to focus on nidtli aiixicly, a term invented by Sheila Tobias (1978, 
1994) to describe a psychological fear or anxiety associated with engaging in 
mathematical activit)'. This approach uses essentially clinical means to help women 
overcome their anxiety towards, and hence their avoidance of, mathematics. It too, 
although for different reasons, places the blame for lack of participation in 
mathematics firmly on the shoulders of women themselves. In all of these 
appro.iches, the mathematics itself is not questioned, only the learners. It is 
assumed that women have to come to terms with their problems (their ignorance 
of consequences, their faulty beliefs, their ‘mathophobia’), and that when they do 
all will be well. 

The views of proponents of such intervention programmes are typical of 
liberal feminism (see Leder, Chapter 13), or feiviiiiism of equality (see Mura, 
Chapter 19), in that they * ‘‘work within the system," attempting only to improve 
the lot of women within a society which is otherwise left unchanged (Daniarin, 
1994). It is evident in this phase, that while the focus is on important issues, such 
as sexism and oppression, in attempting to make mathematics a more open 
discipline the emphasis is c”)!! diseiiipowermeiit (why women can t do mathematics, 
why they avoid it) rather than on empowerment (how women can learn the skills 
to challenge the discipline and change the mathematics). Programmes of 
remediation, self-help and career information do not fundamentally challenge the 
power of authorities. In fact they may even serve to maintain the status quo. 



Gender and Mathematics Education: The State of the Art 



The first part of this book provides a general overview of the approaches that have 
been developed during the last decade to increase women's participation in 
mathematics. Because of their focus on changing women, there is a temptation to 
identify these approaches with Phase Three in the McIntosh model. Yet, they have 
all been influenced by an awareness of the systemic reasons for w’omcn's under- 
representation in mathematical fields and for this reason, we ascribe them a 
transitional status between Phase Three and Phase Four (see below). 



A Tramitioaal Phase 

The chapters in Part 1 of this collection exhibit a worldwide shift of the debate 
on the relationship between mathematics and gender, one that is profoundly 
influenced by feminist scholarship and by research on the cultural dependency of 
approaches, and indeed of performance and participation in mathematics itself 
This can perhaps be seen most clearly in the evolution of the SummerMath 
Program described by Charlene and James Morrow. This summer camp for girls 
was originally conceived as an intervention programme seeking to encourage girls 
to do more mathematics. Over the years, however, influenced by feminist theory, 
in particular IUjuich V Ways o/Knowitig (Belenky et u/., 1986), and by constructivist 
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approaches to the learning of mathematics, the programme has changed its 
theoretical orientation. Now in this camp there is an increased emphasis on 
encouraging and supporting connected knowing and different ways of teaching 
mathematics which conform to women’s preferred learning styles. 

Part 2 provides a cultural perspective on the approaches in Part 1. These 
studies question the assumption that everyone must achieve a certain level of 
mathematical competence, and raise doubts as to whether models developed in 
western countries to achieve gender equity will be effective in all countries, or 
even, for that matter, with powerless groups within western countries. They point 
rather to the necessity of developing individual cultural-specific approaches. For 
example, Sharleen Forbes, in analysing the situation of Maori girls in New 
Zealand, reports that strategics which have been successful with girls of European 
origin have had no positive impact on indigenous populations. She argues instead 
for strategies based on an intimate knowledge of Maori culture. Other contribu- 
tions in this part of the book are influenced by the culture dependence of gender 
differences. For example, Paul Brandon, Cathie Jordan and Terry Ann Higa, citing 
socio -cultural causes, point out that girls from certain immigrant groups in 
Hawai'i achieve significantly better levels of mathematical attainment than boys. 
The chapters in this part of the book illuminate the results of SIMS (Second 
International Mathematics Study), which show in particular that differences in 
mathematical attainment between countries are larger than those between the 
sexes (see, for example, Hanna, 1989). The chapters by Frain^'oise Delon and 
Pat Hiddleston, among others, reflect another orientation within this part of the 
book: the effects of single -sex education. They come to the conclusion that 
sex-segregated education has been crucial in promoting girls’ mathematics 
achievement. 

The spirit of the transition from Phase Three and the promise of Phase Four 
is captured by the following quote from David Henderson, a white US 
mathematician: 

Recently, I was thinking back over the times that my perception of 
mathematics had been changed by the insights or questioning of a person 
in [one of my courses]. Suddenly, I realized that in almost all of those cases 
the other person was a woman or from a different culture than my 
own. . . . [NX^'jhen I listen to how other people view mathematics my 
understanding of mathematics changes. I am certain that as women, and 
members of the working class and other cultures, participate more and 
more in the established mathematics, our societal conceptions of 
mathematics will change and our ways of perceiving our univ'crse will 
expand. This will be liberating to us all. (Henderson, 1981, p. 13) 

In the next section, we describe the fourth phase in the McIntosh model and 
suggest how the contributions in Part 3 of this book elucidate the process of 
ehange in this phase. 
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Phase Four: Women as Central to Mathematics 

In this phase, women's experience and women's pursuits are made central to the 
development of mathematics. Work in this phase seeks to uncover privilege and 
to redistribute power. It emphasizes cooperation over winning and losing, 
difference and multiplicity over ‘one right way’. Fundamentally, Phase Four shifts 
the ‘blame' away from women by seeking to change the system, not the women. 

The chapters in Part 3 anticipate this phase and are grouped into two 
categories according to where they place their primary emphasis: changing the 
pedagogy or changing the discipline. Influenced by feminism and feminist 
pedagogy, the chapters of the first group call for a fundamental change in 
pedagogical processes, one that considers the experiences of women as central to 
their mathematics development, and in which emotion and reason play balanced 
roles. Fundamental to these approaches is the theory developed by Gilligan (1982) 
which describes the ‘ditferent voice' of women, so frequently silenced in academia. 
Influential, too, is the approach to teaching developed by Belenky et al, (1986) in 
Il emn/V Mfiy-s of Knounni;/. based on their categorization of the stages in which 
women come to know. Several chapters (see, for example, Joanne Rossi Becker 
and Pat Rogers) describe how to apply feminist pedagogy to mathematics 
teaching. 

The approaches in the second group all question the discipline of mathematics 
but depart from a variety of positions. Referring to the feminist critique of the 
nature of science, Leone Burton's focus is developing a new epistemology of 
mathematics, one which does justice to women. Betty Johnston reflects on the 
interaction between mathematics and society, and especially on how the 
quantification of society both constructs and regulates our lives as women. 
Marjolijn Witte proposes a view of mathematics, based on constructivism, which 
might be more conducive to women's learning preferences. 

Within the approaches covered in this part of the book, it is evident how 
much the discussion of gender equity in mathematics education has changed in the 
last decade. As already mentioned at the beginning of this chapter, Pat Rogers 
started her work in the area of gender and mathematies with the organization of 
matheniaties camps for girls. At this time, it was widely believed that if we changed 
the conditions in which students learned, and the nature of their experience with 
mathematics, then the relation of girls to mathematics would automatically 
improve. During the development of her work in this area, it became clear to 
Rogers that mere system-tinkering was not adequate to the problem at hand, and 
this is reflected in the subtitle of her (1985) paper, ‘Real women don't do math 
— With good reason!'. Since then, she has developed an approach that 
fundamentally changed her own matheniaties teaching, her relationship to her 
students, and the learning experience she provides. A similar shift can be observed 
within the change of the position of Leone Burton from her approach in the 1980s 
(see Burton, 1986) to her questioning of mathematics epistemology in this book. 

In this context, it is also interesting to note that alongside debates about 
specifically female ways of knowing, fundamental changes in research method- 
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ology have also taken place. Most of the studies that were conducted during the 
Phase Three period of reform were designed to describe difTcrences between boys 
and girls in achievement, or differences in their attitudes towards mathematics. 
Generally speaking, they were based on large student samples and the results were 
usually analysed using traditional quantitative methods. Representative of this kind 
of research is Armstrong s analyses as part of the NAEP (National Assessment of 
Education Progress) (Armstrong, 1981, 1985). In the course of developing an 
emphasis on women’s ways of knowing and connected teaching or feminist 
pedagogy, qualitative methods, which have their root in case studies, have become 
more and more important. Elizabeth Fennema (1994) in asserting the importance 
of continuing to sustain ‘some research which utilizes a positivist perspective', 
further stated, T also believe that an understanding of gender and mathematics 
derived [only] from studies done from [a positivist] perspective will be limited. We 
will not deepen our understanding of gender and machematics until scholarly 
efforts conducted in a positivist framework are complemeiKcd with scholarly 
efforts that utilize other perspectives [for example, from cognitive science and 
feminism], many of which arc currently being utilized in mainstream education'. 



Conclusion: Mathematics Reconstructed 

In conclusion, we ask what might mathematics be when it is reconstructed to 
include us all? In Phase Five (Mathematics reconstructed), cooperation and 
competitiveness are in balance and mathematics will be what people do. McIntosh 
sees ‘the work towards Phase Five taking one hundred years because it involves a 
reconstruction of consciousness, perception and behaviour.' For Countryman 
(1992), ‘The words to describe the fifth phase are more elusive. I find it hard to 
say what the transformed mathematics curriculum will be, or how we will achieve 
it. Surely in this phase mathematics will help us see ourselves and others in 
connection with the world’, (p. 75). Surely too, it will involve a fundamental shift 
in what we value in mathematics, in how we teach it, in how mathematics is used, 
and in the relationship of mathematics to the world around us. 

We have used the words of Nancy Shelley to describe the final phase in 
mathematics education reform. In the epilogue, she questions the disciplines of 
mathematics and mathematics education. Departing from a traditional academic 
style of writing, her form itself as much a part of her argument as the arguments 
she summons, she stimulates us to imagine a mathematics not dominated by 
authorities. Shelley touches on every issue raised in this book. In questioning 
monocultural views of mathematics and mathematics education, and in examining 
the epistemological status of fundamental issues of mathematics and mathematics 
teaching, she develops a vision of another type of mathematics. We leave it to our 
re<ulers to say whether this is a vision of a mathematics close to that Henderson 
(above) described as ‘liberating to us all’. 
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Part 1 



Effecting Change 



In the introduction we provided an account of the approaches that were used in 
the first three phases of curriculum reform, as described by the McIntosh model, 
to increase the participation of women in mathematics. This part of the book 
focuses on transitional approaches (from Phase Three — Women as a problem in 
mathematics — to Phase Four — Women as central to mathematics). In their 
attempt to change the attitudes and behaviours of women towards mathematics we 
see many features typical of Phase Three approaches. However, the approaches 
included here, to different degrees, arc distinguished by the extent to which they 
question monocukural assumptions and/or arc influenced by some form of 
feminism. None of these approaches is firmly rooted in a Phase Three deficit 
philosophy that identifies gender with women and sees women as victims in 
mathematics education with problems for which they need help. Rather, these 
approaches seek to redress the gender imbalance in mathematics education by 
locating its causes outside women. The chapters of this part are organized 
according to their primary focus; female students, future teachers, practising 
teachers and the public. 

Two mathematics camps described in this section intervene exclusively with 
female students and have as a eommon starting point the goal of improving girls’ 
chances to succeed in mathematics by teaching them skills of survival. ‘Summer- 
Math’, the summer learning community for secondary school girls described by 
Charlene and James Morrow, is designed to address the lack of challenge and 
support faced by many female students in learning mathematics. Drawing on 
constructivist learning principles and feminist scholarship on connected teaching, 
the programme provides a variety of experiences that connect girls to mathematics 
rather than alienating them from it. Denisse Thompson's chapter describes the 
‘Metro Achievement Program’ which, like SunmierMath, began as a summer 
option and has since expanded into a year-round multi-faceted intervention 
programme designed to enable disadvantaged girls of average ability reach their full 
potential, both academically and personally. Working outside the school environ- 
ment, the programme augments the regular school programme by providing girls 
with more challenging and relevant mathematics experiences and opportunities to 
take risks and assume leadership roles. 

Olive Fullerton and Lynn Friedman both focus on working with future 
teachers but their approaches derive from very different fcjiunist perspectives and 
arc situated in different phases of the McIntosh model. Fullerton’s chapter details 
her work with a small group of prospective elementary teachers. In joint 
discussion, they reflected on their experiences in learning mathematics and the 
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anxiety they shared. These reflections revealed, among others, that lack of 
experience and facility in using mathematical language and technical terminology 
were the main reasons these future teachers felt intimidated during mathematics 
lessons and as a result lost confidence in their mathematical abilities. Fullerton 
makes a series of recommendations, characteristic of feminism of difference (see 
Mura, Chapter 19), for changing the teaching process to benefit women’s learning 
styles. This places her approach in Phase Four in contrast to that of Lynn 
Friedman’s study which is in the transitional phase described in the introduction. 
Friedman’s work springs from a review of recent studies and accounts which 
document that the proportions of women receiving graduate degrees in mathe- 
matics, and hence the proportion of women teaching in post-secondary institu- 
tions, are still too small. As conditions which foster success for women in graduate 
prograimnes, Friedman cites providing sensitive counselling, ensuring a critical 
mass of women students in graduate schools of mathematics, and having 
sympathetic and concerned women on the faculty. In contrast with Fullerton s 
approach, Friedman is influenced by liberal feminism in that she believes that by 
changing the conditions of women in graduate programmes (though notably not 
the women), the problem of low participation will be solved. 

Three chapters place work with practising teachers in the foreground. Although 
interventionist by design, none of these approaches sees women as a problem in 
mathematics education. Rather they question the whole teaching and learning 
process. The first two papers describe the establishment of networks ofedueators and 
other adults w’ho play a key role in the lives of female students. The Swedish network 
described by Barbro Grevholm uses the medium of conferences and newsletters to 
share information such as current research and teaching ideas, and to support and 
encourage members to work on changing the gender balance in mathematics 
education. The Quebec 'Women Do Math netw'ork dc\‘cloped by Claudie Solar. 
Louise Lafortune and Helene Kayler, has similar aims, but in addition promotes 
teaehuig strategies and activities based on principles of feminist pedagog>'. The focus 
of Cornelia Niederdrenk-Felgncr’s chapter is different. In working with in-service 
teachers she aims to increase their aw’areness of gender issues in the use ofteehnologs' 
and the need to change the whole education system. 

An entirely different approach is taken by Mary Harris in the final chapter in 
this section of the book. Her chapter describes the development of an exhibition, 
entitled 'Conuiion Threads', which features the mathematics involved in women’s 
traditional work. In its questioning of the conventional undervaluing of women s 
labour, usually labelled not-mathematical, and in her focus on uneovering the 
'real' mathematics of the workplace, Harris's work is illustrative of Phase Four 
reform. 
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Connecting Women with Mathematics 



Charlene Morrow and James Morrow 



A Summer Journey 

Imagine yourself, a 15-year-old in the process of completing your second year in 
high-school, and one of six young women in a class of sixteen advanced-level 
mathematics students. One day. a brochure for something called ’SunimerMath' 
arrives in the mail. Looking through it. first at the pietures, you find these images: 

• three young woir*cn ixvvisuring a slab of rock; 

• two students discussing >vhat appears on a computer screen; 

• two students (one with I er shoes oftj studying next to a blackboard; 

• two students putting a ro >ot together; 

• a basketball court with a hara-driving woman dribbling tenvard the hoop; 

• women together on a mountain top; 

• four young women in a canoe; and 

• two students intently at work in a laboratory. 

Jumping out at yc')U from the brochure appear these words from a former student: 
‘I learned to think “why" and “how" and not just to do as Fve always been told. 
I only wish I had asked those questions of my teachers in high-school — but I will 
when I enter Mount Holyoke'. Juxtapose these words with what you heard from 
your teacher in school today. Just do i Also staring you in the face are the words, 
‘an opportunity for young women*. 

Well, that brochure came at the right time, and you sent oft* the application, 
sweating through the writing of an essay to gain admission. ‘Good practice for 
applying to college*, your parents said. Over the next several weeks, forms and 
information arrive from SummerMath preparing you for the summer away from 
home — for a ‘eollege-like* experience. 

The young woman beginning the journey described above is just one of over 
1000 young women we have worked intensively with during the twelve-year 
history of the vSummerMaui programme at Mount Holyoke College. After a 
summer of cotistructing solutions to mathematital problems and learning to 
explain their problem-solving processes, many of these young women have taken 
charge of their mathematics learning in a variety of eftective ways. Below we 
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describe the structure and pedagogy of SumnierMath and discuss the deep 
connections between our approach and new scholarship on women’s education 
(Belenky et al.y 1986). 

We begin our discussion with a brief summary of the state of mathematics 
education for women in the US. It is important to note that the body of literature 
from which the following information is drawn has focused largely on majority 
women. Clewell and Anderson (1991) have found that ‘studies of women overlook 
women of color and that studies of students of color de-emphasize gender 
difierences’ (p. 3). While there are many parallels between the experiences of 
women of colour and white women, the nature of the similarities and differences 
has not been carefully studied. This issue is central to our concerns because the 
SummerMath programme serves students from many racial backgrounds. 



Why ‘An Opportunity for Young Women’? 

Two decades of research on gender issues in mathematics education in the US have 
made it clear that there are still firm barriers preventing women’s equal 
participation in mathematical studies and careers (Fennema and Leder, 1990; 
American Association of University Women, 1992; Sadker and Sadker» 1994). A 
recent pubheation, Winnhi^ Women Into Mathematics (Kenschaft, 1991), puts forth 
a detailed and convincing case that, as a culture, we still do a great deal to 
discourage women from participating in mathematics. Those individuals who have 
taken a careful look at the ways that girls experience our educational system tell 
us that girls are still receiving strong messages of exclusion, subordination, and 
objectification. Even in elementary school, where girls generally receive better 
grades than boys, we begin to see the effects of these barriers. Girls begin to 
perform more poorly on higher-level cognitive tasks in mathematics. Moreover, 
this diflference seems to persist and grow through high-school (Hyde, Fennema 
andLamon, 1990). 

Across all grade levels, the attention afforded to girls in the classroom is far less 
than that given to boys (Leder, 1990; Sadker and Sadker, 1994). One particular 
aspect of this diflferential attention is that girls are not pushed to struggle for 
understanding. Usually, if a female cannot respond immediately to a question or 
problem, she is not offered guidance or encouragement by the teacher to persist 
in her thinking. 

V/omen are confronted by many barriers that men do not have to face. For 
example, a disturbing number of students agree with the statement, ‘Mathematics 
is more for boys than for girls’. Some studies found that such an attitude is 
pervasive among young males and that it holds, though to a lesser extent, among 
young females (Eccles and Yee, 1988; Morrow and Morrow, 1991). In addition, 
this research has also demonstrated that many high-school counsellors still 
discourage women from taking advanced mathematics courses and from consider- 
ing technological careers, that teachers interact more with their male students than 
with their female ones that boys, far more than girls, utilize computer resources 
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during unstructured time, and that parents still consider mathematics, science, and 
technology to be more suitable subjects for males than for females. 

In advanced high-school mathematics classes, girls begin to be in the minorir/ 
(Czujko and Bernstein, 1989; Fennema, 1987). In college, despite the fact that 
women represent about half of the mathematics majors, they still find themselves 
in the minority in most of their mathematics classes due to the presence of a large 
number of men from male-dominated fields such as physics and engineering. In 
graduate school, the number of women declines drastically, to the point that men 
outnumber women four to one at the PhD level in mathematics (Billard, 1991). 

Even for women who have chosen to dedicate themselves to mathematics, 
many barriers remain in place, especially at the most prestigious research 
universities where only 5 per cent of the entire mathematics faculty are female 
(Jackson, 1991). Indeed, successful educational environments for women are more 
often found in the liberal arts colleges than in the research universities. Liberal arts 
colleges, particularly women’s colleges, contribute disproportionately to female 
PhDs in mathematics and engineering (Sharpe, 1992). 

Career statistics for women indicate a vast disparity bet\veen the sexes in 
participation rates in quantitatively based fields (National Research Council, 
1991). The more mathematics required in a particular career, the higher the pay 
and lower the rate of female involvement. The career picture for women in science 
and engineering fields is especially bleak. As of 1984, women, who represent 43 
per cent of all professional workers, held only about 12.8 per cent of the jobs in 
science and engineering. Approximately 1 per cent of engineers, 2 per cent of 
physicists, and 5 per cent of chemists arc women (National Research Council, 
1991). The situation for women of colour is even worse (Clewell and Anderson, 
1991). 

Until very recently, female role models have consistently been written out of 
the history of mathematics (Perl, 1978; Perl and Manning, 1985). The one female, 
Emmy Noether, who is included in the ‘Men of Mathematics’ poster (produced 
by IBM and covering over 2000 years of history in mathematics) is devilishly hard 
to find. The culture of mathematics remains distant, cold, and undesirable for too 
many women. 

The research literature is quite consistent regarding the factors associated with 
women’s success in mathematics classrooms. Ecclcs (1987) describes ‘girl-friendly’ 
classrooms as having ‘low levels of competition, high levels of cooperative learning 
or individualistic learning structure, high levels of teacher communication . . . of 
the intrinsic value of maths and the link between maths and various interesting 
occupations’ (Eccles, 1987, p. 158). Pedersen (1988) adds that classrooms that are 
successful for females are ‘not remedial . . . and employ a problem solving format 
in which students work on challenging problems’ (Pedersen, 1988, pp. 209-10). 
Unfortunately, girls have rarely had the opportunity to reap the benefits of these 
findin^^s. We, along with many others, conclude that a multitude of social factors 
discourage women from making mathematics a significant part of their lives. 
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SummerMath: Reform within a Feminist Framework 

Let us now return to the suninier journey with which wc began our discussion, to 
the programme called SummerMath, held each summer on the campus of 
Mount Holyoke College. SummerMath is an intensive, six-week residential 
mathematics learning community for 100 high-school women. It is designed to 
address the ways in which women are underwrved in mathematically based fields by 
providing new perspectives and new experiences of mathematics, computing, and 
science. The student body is very diverse, racially, geographically, and academically. 
In 1994, our student body was 37 per cent African or African American, 17 percent 
Latina, 13 per cent Asian, 2 per cent Native American, and 30 per cent European 
American. They came from all across the mainland US, Hawai’i, Puerto Rico, Japan, 
Paraguay, Brazil, and Pakistan with ages ranging from 13 to 18 years. Some of our 
students have achieved good grades in mathematics, while others have not, but 
almost all feel the downward spiralling of self-esteem and confidence in mathematics 
that is so characteristic of high-school women (Eccles, 1987; American Association 
of University Women, 1992). We emphasize greater conceptual understanding, 
affirmation of young women as capable members of a learning community, and the 
importance of constructing one’s own understanding of complex ideas. 

The instructional methods, based on constructivist (von Glasersfeld, 1983) and 
connected models oflea ruing (Belenky ctal., 1 986), are designed to change the blind 
memorizing and rule-following behaviours that limit so many students’ under- 
standing of the underlying concepts of mathematics. SummerMath helps students 
replace such unproductive methods with more flexible problem-solving approaches. 
The atmosphere of the programme is one of challenge and support. That is, the 
challenge of rigorous study and difficult problems, coupled with the support of a 
community of teachers, residential staff, and peers. Our goal is to help students 
acquire ?ater confidence in their ability to excel, greater persistence in problem- 
solving environments, and a greater conceptual understanding of mathematics. 

Staff PrcpanUiofi 

For one week before the students arrive, our staff of thirty-five meets to prepare. 
Our activities fall into three categories: doing mathematical and computer 
activities; training teachers, teaching assistants, and residence assistants; and 
consciousness-raising around issues such as racial and gender equity. It also includes 
practice and reflection on mathematical activities in order to build understanding 
and commitment to constructivist principles of active learning. Our focus is to 
look within ourselves for potential points of connection that can fostei the growth 
and development of our students. 



Chh^cs 

Students at SummerMath participate each day in cLescs characterized by student 
activity, questioning, discussion, and discovery. In all sessions, pupils begin by 
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either solving problems, or posing their own problems. They experience a new 
vision of mathematics through two classes, ‘Fundamental Mathematical Concepts’ 
and ‘Computer Programming' (LOGO), and three workshops. 

‘Fundamental Mathematical Concepts’ is the heart of SunmierMath. Students 
work and discuss ideas in pairs or small groups, with at least one instructor and one 
undergraduate assistant circulating about the classroom posing questions and 
facilitating discussion. The specially designed problem-based curriculum focuses 
on concepts essential to understanding advanced mathematics and science such as 
ratio, linear relationships, functions, patterns, and logic. Students arc encouraged 
to assume an authoritative role as they construct their own understanding of 
mathematical concepts. Visual and verbal methods of illustration, as well as 
numerical, algebraic, and graphical representation, are stressed as means to deeper 
understanding. The frequent discussion among students, as well as between 
students and their instructors, provides a supportive environment that encourages 
rcHection on thinking and the stimulus of collaborative effort. 

In LOGO, students work in pairs at a computer and solve problems in the 
context ot design projects. They pursue mathematical ideas ranging from 
elementary geometry to recursive functions. They learn to plan, organize, and 
revise their ideas by working on tasks such as transformational geometry, tangram 
puzzles, patchwork quilt designs, and group murals. In the last week of 
SummerMath. students demonstrate the programming skills they have developed 
by collaboratively designing, developing, and completing a major computer project. 

Finally, each student takes three two- week workshops, choosing from a variety 
ot options s;;ch as confidence building, brain imaging, the art of making anatomical 
comparisons, architecture, genetics, economics, psychology, and the physics of 
motion. These workshops provide experiences that place students in the role of 
scientists, thinking up the questions to be asked, performing experiments, collect- 
ing and analysing data, and comparing their observations with their hypotheses. 



'rite Residetttiiil Community 

The residential component of the programme is crucial in the creation of a strong, 
close-knit community at SummerMath. The residential staff is headed by a 
coordinator and an assistant, and includes several undergraduate residential 
assistants (RAs) who are also teaching assistants. The RAs give SummerMath 
students support and friendship as they face the challenges of learning and 
e.xplaining their ideas in depth. In consultation with Summe*‘Math participants, a 
series ot workshops and social activities is developed, including issues of sexuality, 
nutrition and other health-related topics, dance and music, and t-shirt decoration 
and be.idwork. Students are offered many additional activities intended to link 
their inathemaiics experience to the outside world, to give them a realistic view 
ot career options, and to broaden their horizons. Once a week, speakers 
representing science, business, and various professions are invited to present an 
ewning lecture, panel discussion, or laboratory demonstration and answer 
questions about their work. 
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Assessment 

Assessment is embedded in the learning process through ongoing discussions with 
SummerMath staff. Students evaluate their own progress half way through the 
programme, and discuss their self-evaluation with their instructors. At the end of 
SummerMath, teachers comment on the progress of the pupils in their classes and 
make suggestions for further work. 

Students write an extensive final evaluation of their summer experience, 
including feedback on all aspects of the programme. This evaluation is both an 
opportunity for each student to reflect on her own experiences, as well as a chance 
for us to learn how to improve the programme in the future. During the academic 
year following the programme, students complete a questionnaire investigating 
possible changes in attitude and new ways of approaching learning, as well as 
providing information about the courses they arc taking, their grades, and 
standardized test scores. 



Avenues of Connection for Women 

Women's Ways of Knowing (Belenky et al., 1986) gives a compelling description of 
the manner in which teaching can alienate women from most academic areas. 
Meaningful educational experiences described by women arc those which permit 
them to weave together multiple aspects of their lives. The authors name this kind 
of educational experience ‘connected learning, in that students arc encouraged to 
build on their entire knowledge base rather than leaving all personal experiences 
at the classroom door. A teacher who facilitates this kind of education is engaging 
in connected teaching. 

The following sections describe the journey from disconnection to connec- 
tion ill mathematics that we have observed many times in our students. Each 
section represents a critical issue for females and each is an integral component of 
our approach. These overarching issues are drawn largely from Women's Ways of 
Knowing. Within each segment, w*™ describe the type of approach used in our 
programme to implement our educational goals. 



Confirmation of Self in the Levanting Community 

Perhaps one of the most critical issues in education is that many women describe 
themselves as remaining on the fringes of the intellectual community. In 
mathematics, because women often feel completely on the outside, it is 
particularly important to structure the classroom as a setting with a place for 
everyone, where it is clear from the beginning that what students already know 
will be useful, that they will be treated as capable learners, and that there are no 
prerequisites for belonging. 

At SummerMath, one way in which the self is confirmed is by having students 
write about and share problem-solving experiences and feelings (Buerk, 1985; 
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Morrow and Schifter, 1988). In this way, students conic to see that there are many 
acceptable paths to knowing in mathematics. The teacher’s role as facilitator and 
guide, rather than lecturer and expert, is critical to this process. The teacher must 
become skilled in active listening and asking questions that will allow the student 
to become more aware of her own thinking, as well as to decide which of her ideas 
to pursue further. This kind of teacher role has been likened to that of the Socratic 
teacher. However, a crucial difference for us is that the Socratic teacher maintains 
control of the dialogue mainly by asking leading questions and defining the terms 
of the conversation. At SummerMath, the student is in charge of the interaction 
and thus, the direction of talk is primarily defined by the pupil. The teacher, of 
course, inevitably provides a ‘safety net’, whereby misconceptions can be recog- 
nized and addressed. But, when the student is in control, rather than the teacher, it is 
much clearer to both parties when conceptual understanding has been attained. 



Liuiwiftg in the Belkviug Mode of Communication atid Questioning 

Many of the women interviewed by Belenky and her colleagues expressed a 
distaste for being in an argumentative atmosphere and, therefore, would often 
patiently await its end rather than participate. As a result, inquiry that is based on 
belief, rather than doubt, is essential to a classroom environment that serves 
women well. As our students share problem-solving experiences, it becomes the 
t'ole of the teacher and other students to question why and to ask for details: Why 
docs such a step make sense? What part of the problem allows for such a statement? 
What more can be said about the process used? Such questions are asked in the 
belief that the student has a valuable understanding that can be expanded, clarified, 
and modified. 

Students are asked to provide detailed explanations for all solutions to 
problems through an inquiry process based on belief in the student rather than 
disbelief of what the student says. As each individual becomes used to explaining 
her thoughts and processes, she becomes more and more of a mathematician and 
a creator of mathematical knowledge. When a student can demonstrate to herself 
that she knows why a solution works, she becomes more confident and less 
teacher-dependent. 



Taking on Chalk'} iges with Support 

In order to grow intellectually, a student must take reasonable risks and be able to 
make mistakes. We, as a culture, have a difficult time allowing risk-taking 
behaviours in women. We ‘rescue’ females at the smallest sign of discomfort and 
help them into helplessness by providing the kind of support that takes control 
away from the individual. On the other hand, we give all students the message that 
you ‘have to be tough’, gut it out’, or ‘just do it’ in order to get ahead. These 
messages convey challenge with no support and a sense of isolation, creating an 
atmosphere that many women avoid. 

At SummerMath, our students work in pairs in all parts of the programme, 
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including computer tasks. In the beginning, each student in the pair is given a 
specific role, either the problem-solver, or the active-listener/questioner in the 
believing mode described above. Students sw'itch roles as they move from one 
problem to the next. In this way, they become better both at persisting in problem- 
solving, and in asking themselves questions that will help them to move along. 
Pupils also become better at asking specific and focused questions of teachers when 
help is needed. In order to become confident learners, students must struggle for 
understanding. However, they can struggle together and look to each other and 
the teacher for support and encouragement. 



Tlic Development of Voice 

To help students gain a sense of their own voice in mathematics, we first help them 
move away from a strietly answer-oriented approach to solving problems. We have 
found that it is impossible to achieve this goal in an environment where answers are 
supplied. Therefore, we do not tell students whether they are right or wrong. Nor are 
students told how to solve a problem. When neither answers nor instructions are 
supplied, students are forced to look to themselves and to each other in order to 
devise a strategy for solving the problem. In explaining her solutions, the student 
must learn to give voice to her discoveries. We emphasize visual representations of 
solutions as an effective mediator between a student's ideas and her expression 
ofti'cm. Participants report that being able to ‘see what I am doing is a very powerful 
experience. The student can then give voice to what she sees. 

Beeomiiifia CAVistmctor of Knowled^ie 

As students work through mathematical challenges in a supportive learning 
community and develop a sense of voice and authority in the classroom, they 
begin to define their own questions. They become excited about the possibilities 
of posing their own problems and inventing new knowledge. They no longer 
remain outside, but become part of the inner circle of knowers, with their own 
power base. As this awakening begins, we try to provide insights into mathematical 
connections with other areas. Workshops in mathematically related fields such as 
architecture, chemistry, and medicine help students learn about the manner in 
which mathematics is applied in a variety of settings. 



The Journey Home 

A few years after attending SummerMath, I enrolled in a college c.ilculus 
course. In the final exam. I looked at the problems and quickly realized 
that I thought 1 could do ,ill of the problems, but I would not be able to 
fini'-h 111 the time allotted. I set to work, recalling the ways in which I 
learned to work confidently .it SummerMath. When the time came to 
hand in papers, 1. of course, was not done. 1 refused to give the professor 
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my paper and continued to work. I worked and worked until I had 
finished all of the problems, and felt confident that I had done them 
correctly. I handed my paper to my professor and said, *1 dare you to fail 
me\ I received an A! (Danielle) 

We have heard many other stories of young women taking charge of their learning, 
from simply asking the kinds of questions that enable them to move ahead, to 
having the courage to take honours and advanced level courses. The data we have 
collected on attitude changes experienced by our students (Morrow, 1991) 
indicate that our pupils leave SummerMath feeling more able to persist in doing 
mathematics problems, more aware of the usefulness of mathematics, and 
dramatically more confident. Changes in student attitudes, beliefs, and behaviour 
are most effectively illustrated by students’ own comments on their abilities to 
learn niathematics. 

On beliefs about oneself: 

• I think I have learned new techniques for solving problems, and have 
become more secure and confident. Now I know why certain theorems, 
etc. work. 

• I learned you don’t have to be a Mister Wizard to solve a confusingly 
worded problem. 

• It makes me now, believe it or not. like problems that are hard. It also gave 
me patience and several ways to solve a problem. My thought processes will 
never be the same. 

• I learned more about myself I learned it’s alright to speak up. It gave me 
courage and made me more relaxed in all sorts of situations. 

On working with a partner: 

• You get to see how other people think and how they’re taught. 

• You don’t feel alone. 

• Having to justify all of your answers. 

On things that will be different in niathematics class: 

• I’ll feel I can depend on myself 

• The tact that I know there is more than one way to work a problem, if I 
don’t understand the given way. 

• I won’t give up as easily when I get to a difficult problem; I will try ditferent 
ways to solve problems instead of one way; I will strive more for good 
grades because I see how important mathematics is. 

On experiences in fundamental mathematical concepts: 

• I feel I'm capable of solving almost any math problem and if I stick in there 
I’ll solve the problem, happily. 

• I learned a lot about math, people, and the real world, good and bad. 

• Self-satisfaction; better understanding; less frustrated when I don't under- 
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stand everything the first time. 

• I learned a great deal about how I think about mathematics and solve 
problems, about the logic behind math procedures and how to rely on 
myself to solve problems. I also learned how to listen more carefully to my 
own ideas and how to find what my weaknesses are. 

These comments illustrate that students take home with them new ways to 
approach mathematics that emphasize reasoning, comfort with the subject, 
motivation to study it further, a better understanding of certain fundamental 
concepts, and an overall increased self-confidence. They become independent, but 
not isolated, problem-solvers, retaining a sense of authority within themselves, but 
able to effectively communicate with others about mathematics. 

An additional benefit participants gain is a much clearer sense of what a college 
environment is like and what kind of career choices may lie ahead. Our research 
on prograimne outcomes and resulting attitude changes (Morrow, 1991) indicates 
that SummerMath has proved extremely effective in furthering the mathematical 
and career aspirations of students from widely varying backgrounds, not just the 
mathematicaUy precocious. Furthermore, analysis of data by racial category has 
shown that SummerMath has been effective for students of colour as well as white 
students, both in goals achieved during the summer and in positive attitude 
changes. 

In such a strong, female-student community, intellectual and social compo- 
nents of friendships are strongly linked. Women don’t have to live up to the 
expectations they believe males have of them. In SummerMath classrooms, there 
is an atmosphere of trust, cooperation, and support where women’s voices are 
always heard, respected, and responded to. Teachers maintain high standards and 
push students to struggle for understanding in the belief that all pupils can use their 
personal experience efiectivcly as well as justify their own ideas. In this atmosphere 
of belief, pupils become aware of, and trust, their own intellectual authority, and 
begin to construct their own knowledge and persist in problem-solving tasks. As 
an individual in the 1992 programme said, 

I learned so much about myself and how I interact with thoughts on a 
regular basis. I know I can be happy with myself and as long as I have that 
confidence in myself, I can take on challenges and not worry so much 
about failure. I will know that as long as I am thinking and working, I am 
succeeding. 



The Case for a Single-Scx Mathematics Programme 

Our belief in the virtue of a single-sex mathematics programme for girls is 
grounded in the long tradition of women’s colleges, of which our institution. 
Mount Holyoke College, is a prime example. There is solid evidence (Riordan, 
1990; Tidball, 1980) that women’s educational institutions provide an atmosphere 
in which young women more successfully test their skills, find their voices, and go 
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on to participate in a wide variety of arenas, including many that have been 
traditionaUy niale-doniinated. 

It is interesting to note, however, that the mathematics education provided in 
the SummerMath learning community is not only in line with the structure of 
*girl-friendly classrooms’ described in the literature (Eccles, 1987), it is also 
consistent with that now recommended by the National Council of Teachers of 
Mathematic'^ (NCTM, 1989) for all students in the US. The advent of new 
standards in secondary mathematics teaching, and the close attention being paid 
to the teaching of calculus at the college level (Steen, 1988), have brought about 
a great deal of positive change in mathematics education. There is now an 
emphasis on understanding rather than just memorizing, on communicating 
mathematics, and on doing mathematics in context. The publication of Pro- 
fessional Standards for Teaching Mathematics, by the NCTM in 1991, introduced 
the expectation that all secondary mathematics teachers, as well as teacher 
educators, will use much ot the pedagogy we have been using at SummerMath. 
Why then, are we continuing to promote an all-female programme? 

The tact is that pedagogical innovation in a coeducational environment docs 
not automatically guarantee gender equity for the reasons discussed at the 
beginning of this chapter. This point is clearly illustrated by the following story of 
a middle-school teacher engaged in implementing some very positive changes in 
her classroom that arc in line with the new NCTM teaching standards: 

Yet, even as this new atmosphere established itself in the classroom, Lisa 
became aware that some negative social norms continued to operate. 
Most dramatically, in this class of eight girls and fifteen boys, Lisa realized, 
several months into the year, that the girls in the class had no voice. 
Gender patterns that had been established in previous years of mathe- 
matics instruction, patterns reinforced by societal attitudes, continued to 
intrude . . . Lisa had established a classroom dynamic of active and 
sometimes excited exchange of mathematical ideas, but the boys had 
come to dominate discussion. The girls were reticent about participating 
and thus were marginalized. 

Lisa saw a way to address the problem when, during a discussion with 
a mother who was concerned that her daughter had already given up on 
mathematics, Lisa suggested that her daughter and a friend stay after class 
on Wednesdays to do mathematics. But then, on second thought, she 
decided to encourage all eight girls to come, and they formed the ‘girls’ 
maths club'. The formation of the girls’ maths club significantly altered 
the classroom dynamic. Lisa says, ‘What the girls mastered . . . changed . . . 
their voice in the class. The voice of the classroom had been extremely 
masculine and what they did was to change the quality of that voice'. 
(Schifterand Fosnot, 1993, pp. 135-6) 

Fortunately, this teacher could recognize and respond eftectivcly to the traditional 
gender roles that remained in place despite her new pedagogical approaches. Given 
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the strength with which gender roles resist change, we have little reason to believe 
that most educators will be able to see and intervene in this fashion without a great 
deal of encouragement and support. Teachers are rarely trained in explicit 
strategics for recognizing gender ine^^uities or in tne detailed approaches necessary 
to overcome them. It is one thing, for instance, to have an expectation for 
collaborative classrooms, but it is quite another to ensure that mixed-sex 
cooperative groups do not simply become another place where males do the 
talking and doing, while females do the listening and recording. 

We do not wish to make the argument here that a single-sex environment is 
always best, only that it can and does serve young women well in some instances, 
particularly when gender messages are as strong as they have been regarding 
participation in mathematics and sciences. Neither do we wish to suggest that a 
single-sex environment is automatically an atmosphere in which young women 
can grow to their full potential. Historically, many women's institutions have been 
bastions for the conservation of women's traditional roles, functioning only to 
keep them in their place. To counteract unconscious conformity with societal 
expectations, there must be a purposeful effort to challenge gender stereotyping. 



Strategies for Change 

To make ‘mathematics for all' a reality for women, we offer the following strategies 
based on our experiences with students and staff at SummerMath. While we 
believe that these approaches can often be implemented more eflectively in a 
single-sex setting, we suggest that they are important considerations in any 
educational environment attempting to serve females well. 

• Look at the experiences of female students on a regular basis. Being ‘gender 
blind' is more likely to result in the continuation of inequitable patterns 
than in equal treatment. 

• Look for the valuable aspects of female approaches to learning mathe- 
matics. It is too easy to fall into the trap of using successful male strategies 
as the norm for all. 

• Develop a supportive professional climate for examining and challenging 
existing gender roles. Changing the classroom climate must be a collabora- 
tive effort bv teachers and administrators. Educators in senior positions 
must be willing to assume a leadership role on this issue. 

• Believe that female students thrive on intellectual challenge and that they 
deserve to be supported in their efforts. 

• Become familiar with new scholarship on women, such as that done In- 
Belenky ct al. Cross-disciplinary thinking is rarely used to envision a more 
gender-inclusive educational environment. 

• Challenge the personal beliefs of students, teat hers, and administrators 
about the nature .md usefulness of mathematics. Educating people about 
what mathematics is and docs can create many new pathw.iys for learning. 
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• Make sure that structures for small group work give students explicit 
strategies for sharing time and tasks equitably. It is likely that inequitable 
gender-based behaviour will continue and be reinforced in unstructured 
small group work. 



Conclusion 

It is a deeply ingrained idea, even within the broader feminist community^ that 
mathematics is an inherently alienating experience for females. Many young 
women view learning mathematics solely as a stepping-stone to another place, a 
place where mathematics w'ill seldom play a major role. We have too often heard 
the comment from young women that, ‘I can do math, and it’s even fun 
sometimes, but I want to choose a career that will allow me to do something useful 
with my life. I want to work with/for people.' Educators, parents, and mentors 
often impart the same view to young people, passing along the notion that, for 
instance, literature and social science are richly connected to human concerns and 
creativity, while mathematics is removed and mechanical. We believe that the 
SummerMath programme offers a model for helping young women see that they 
can do mathematics confidently, and that through mathematics they can become 
comicctcd to people rather than discoimcitcdfrom others. 
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The METRO Achievement Program: 
Helping Inner-City Girls Excel 



Denisse R, Thompson 



Introduction 

In the last decade, mmicrous reports have signalled the need to increase the 
participation in niatheniatics of students in North America (Mathematical 
Sciences Education Board, 1990; National Council of Teachers of Mathematics, 
1989. 1991; National Research Council, 1989), These reports have indicated that, 
from high -school to graduate school, roughly half of all students at a particular 
level do not proceed to the next. For example, while approximately 50 per cent 
of all high-school students take more than two years o( college-preparatory 
mathematics, only about 25 per cent take more than three years of mathematics 
at this level. For female students the problem is especially acute, since women in 
the US have traditionally taken fewer mathematics and science courses than males 
(Campbell, 1986; Meyer. 1989), However, by the year 2000 it is predieted that 
one-third of the total US workforce, as well as 85 per cent of new eiura.us to the 
workforce, will be women, minorities, and immigrants. If the workforce is to be 
a viable one, these groups need more and better mathematical training (lohnston 
and Packer, 1987), 

Clearly, there is a need for broadly-based programmes that encourage all 
students to develop their abilities to their fullest potential. However, there are 
populations whose particular needs may best be served by programmes which 
focus specifically on their concerns. First, programmes serving female students 
should be developed which encourage them to keep their future options open by 
continuing with academic courses and this should begin early, for example, 
between 11 and 13 years of age. Nelson (1986) indieates that this is the period 
‘when girls are most vulnerable to peer values about what it means to be 
competent, successful, and female, C'lassroom and out-of-school experiences 
whit h consistently communicate stereotv'ped or limited expectations or are sparse 
in stimulating examples and encouragement will undercut girls' motivation to 
learn and will undercut the development of their full potential as productive and 
self-actuali;dng adults' (pp, 3-4), It is also at this age that girls' confidence in their 
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own abilities and their expectations of success begin to decrease, factors which 
have been found (Campbell, 1986) to precede the decline in mathematics 
achievement by girls. These are the years when, according to Nicholson (1986), 
patterns of disengaging with mathematics and science become established. Thus, 
we need to design programmes to nurture female students. In single-sex 
environments female students are forced to assume leadership roles and develop 
cooperative networks. They cannot ‘bow out’ of difficult problems leaving them 
to the boys and so have to take the lead and solve problems for themselves. 

The second population we need to target specifically are students of average 
ability. In the US, special education programmes arc provided for students who 
have demonstrated strong academic promise and for those who are struggling and 
need remediation; few programmes exist to provide additional support for the 
large group of students in the middle. By encouraging those of average ability, it 
may be possible to foster links to strong academic progranmies and keep such 
students in mathematics and science. 

Third, in the US there is a need for programmes which serve students from 
inner-city neighbourhoods. These environments are home to a variety of racial 
and ethnic minority groups and much of the population is of a low socio- 
economic status. The schools often lack modern facilities and current materials 
(Matthews, 1984; McBay, 1990) and have high attrition rates (Arias, 1986). 
Therefore, support programmes are needed to enhance the educational experience 
of inner-city students and encourage them to remain in the system and to take 
advantage of academic opportunities. 

The ‘METRO Achievement Program’* was designed to address all three of 
these needs. Designed as an outside -school activity, the programme serves female 
students of average ability from the west side of Chicago. The programme aims to 
encourage academic achievement, especially in mathematics and science, to aid 
students' personal development, and to instill a spirit of community service. This 
chapter describes the programme and presents data on participants' perceptions of 
its benefits as well as their views on the programme being restricted to females. 



Description of the Programme 

The METRO Achievement Program began in 1985 as a summer programme for 
girls of average ability who were entering the seventh (age 12 years) or eighth (age 
13 years) grades in the following fill. The programme was modelled on one for 
boys of the same age which had been operating in the area since 1962. Initially a 
tutoring and sports facility, it was expanded in 1972 to emphasize academic 
achievement and character development. When it was realized that girls needed 
similar opportunities, the founders made the decision not to make the existing 
programme coeducational since they felt that more could be accomplished with 
adolescents in a single- sex environment. 

Although still focusing primarily on the middle-school grades 7 and 8, the 
METRO Achievement Program has expanded since 1985 to include activities 
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throughout the academic year for girls in grades 4^12 (ages 9-17 years). At the 
present time, the programme consist: of three segm^'iits. For girls between 9 and 
1 1 years of age. there is an individual tutoring programme throughout the school 
year. Approximately 50 per cent of the tutors are professional women, 20 per cent 
are female college students, md the remaining 20 per cent are girls from the high- 
school METRO Program who devote one day per week to this activity. This 
provides the young girls not only with the tutoring they need but also with female 
role models. In the summer, girls in this age group may participate in a one- week 
mini-version of the programme offered to the older girls. 

For 12- and 13-year-old girls, there is a five- week summer programme that 
concentrates on developing the whole person. Girls participate in a variety of 
academic courses, for example, mathematics with an emphasis on applications and 
technology; science centred on laboratory work, and communication skills 
including writing, grammar, and public-speaking. As well, girls are offered sessions 
on fine arts, team sports, personal counselling, and character development with a 
focus on interpersonal relationships. During the regular school year, participants 
complete a programme that is similar to that offered in the summer. Designed to 
upgrade skills, this programme aims to encourage students to enrol in an academic 
track rather than a general track with no college -preparatory courses. 

At the high-school level, ages 14-17 years, the emphasis is on keeping girls 
in school and promoting enrolment in a college or university'. The programme tor 
the youngest girls concentrates on public-speaking as well as on the study ot 
algebra emphasizing the use of graphing technology', graphics calculators and 
computer-graphing software. The curriculum for the following year focuses on 
writing skills using word-processing applications, and on the development ot visual 
thinking skills using computer-generated geometric drawing tools. The 15-year- 
olds begin preparation for college-entrance exams, and in the final year the 
concentration is on the study of world culture. These curricular emphases closely 
follow the areas of study typically found in US high schools at this level. 

The METRO Program recruits participants by making end-of-the-year visits 
to schools within its service area. After completing a survey indicating their interest 
in the programme, girls are chosen on the basis ot follow-up interviews with 
applicants and their parents. During the selection interview, METRO tries to 
ascertain whether the girls' attitudes are in tunc with the programme's goals. Staff 
also review their academic and attendance records, looking particularly at 
consistency of grades, comments on behaviour, lateness and absenteeism Standar- 
dized test scores are also examined, with girls generally needing a score at least in 
the fortieth percentile. Essentially, the staff try to identify' thi^sc good students who 
just need a chance. For a more detailed description of the selection process see 
Thompson and Jakucyn (1993). 

During the summer, the programme serves about sixty 9- 1 1 -year-olds and 
eighty 1 2~ 13-year-olds. During the school year, there arc approxim itely ninety 
girls aged 9-'l 1 years, eighty aged 12-13 years, and eighty' in the oldest age group 
(ages 14-17 years). The overall composition of the METRO Program intake is a 
critical feature. The dis ersity of the student population (50 per cent Hispanic, 30 
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per cent African-Ainerican, and 10 per cent Caucasian or Asian) gives girls the 
opportunity to interact with members of other racial or ethnic groups. For many 
students, this is the first time they have had the chance to make a friend with 
someone from another race. 



Mathematics Component 

The progranmie for the 12~14-year~old students uses materials developed by the 
University of Chicago School Mathematics Project (Usiskin, 1988, 1991). These 
materials were developed to provide students of average ability with a broader 
range of topics than is traditionally found in American textbooks. Topics added 
include statistic'^ probability, discrete mathematics, technology, and applicatic is. 
Students begin with applied arithmetic and then move on to topics in algebra (such 
as patterning, variables, open sentences), pre-geometry (angles, polygons, area, 
perimeter), and more advanced problems in applied arithmetic. 

There are several features that make these materials appropriate for use with 
the programme. First, students are e.xpected to use scientific calculators, and these 
are made available to all participants in the programme. This ensures that lack of 
computational facility does not prevent the girls from studying mathematical topics 
they may not yet have met in their regular school curriculum. Further, the 
presence of technology’ allows for a focus on real-world problems with realistic 
numbcis. 

Second, Teal world' applications are integrated throughout the curriculum so 
that participants realize the importance of mathematics and its applicability to a 
wide range of situations. Applications are used to link branches of mathematics, 
such as algebra to geometry and statistics to algebra, and to bind mathematics to 
other disciplines such as social studies and science. Hence, an .iwareness of the need 
for mathematics is embedded in curricular einph.ises and students seldom ask 
’When will I ever use this?'. 

Third, students are expected to rend the mathematics text. I'his is an especially 
important feature. Because METRO is a supplementary programme, it strives to 
help the participants develop the ability to become independent learners so that 
they can transfer learning from this programme back to the formal education 
environment. Thus, there are also assignments and periodical evaluations to ensure 
that students arc learning and keeping pace with instruction. 

The programme is staft'ed entirely by temale teachers who have liigh 
e.xpectations of participants and are convinced that all of the girls can ,ind should 
learn a good deal of mathematics, for 'expectations of success often beget success’ 
(N. jakucyn, private conmiimication). Teachers are expected to encour.ige an 
attitude towards mathematics that is contagious. The importance of attitudes in 
learning subject matter w.n addressed by Cdiarles Merideth at a conference on 
niathcnutics for minorities: 

[0]ur success with subject matter is determined by our attitude and the 
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attitude of those we are teaching. Attitudes have their own distincti\(* 
aromas; students can smell them . . . They know when we care. They 
know when we believe in them, they know when we don’t believe in 
them, and, iti tact, they take their attitudes from our attitudes. (Merideth, 
1990, p.61) 



Evaluarion 

From 1985 until 1988, only anecdotal evidence was obtained concerning the 
progranune's benefits to participants. During the 1988 summer programme with 
the 12-13-years-old age group, a more formal evaluation was conducted. Girls and 
their parents were surveyed to determine the impact of the programme. Only a 
portion ot the data is presented here; more detailed information about the 
evaluation can be found in Thompson (1989). 

Thirty-eight parents completed the survey. When asked to comment on 
changes in their daughters tha'' they would attribute to participation in METRO, 
about one-third of the parents indicated that their daughter was more determined 
and more sure of herself and one-quarter indicated that she was better able to 
express herselt. All parents indicated that they would recommend the programme 
to others. 

Sixty girls responded to the survey. When asked about the influence of 
METRO, about one-fifth claimed that they had learned to have faith in 
themselves, 1 2 per cent commented that the programme helped them with their 
studies, and 10 per cent indicated that it was a good learning experience. The 
13-year-olds felt that they were given insights on high-school and courses they 
•should take. Participants were also asked to indicate whether the METRO 
Program had changed their attitudes towards mathematics. Almost half (45 per 
cent) ot the respondents said that they had discovered that mathematics could be 
tun or that they could learn it. A tenth of the studeiiLs claimed already to like 
mathematics when they joined the programme and reported no change in their 
attitudes. 

During that summer, seven high-school students who were graduates of the 
summer programme were assisting as counsellors and teacher aides. Although a 
select group, these students were interviewed about their METRO experience and 
asked to reflect upon the impact the programme might have had on their lives. Six 
ot the seven indicated that METRO had taught them they could achieve and be 
whatever they wanted to be. Four of the seven indicated that they had not 
tiriginally planned to take mathematics and science throughout high-school, but 
tint METRO had encouraged them to take more mathematics. Thus, for these 
girls the programme had the effect of influencing their academic preparation in 
high -school, and that preparation undoubtedly has increased the variety of options 
they will now be able U'j pursue. 

In an effort to t)btain more current dat.i about the impact of the programme, 
a questionnaire surveying a wide range of issues was administered during the spring 





Table 3. 1: Influence of METRO on perceptions of mathematics (as a per cent of total 
responses) 



Middle-school High-school 





Agree 

{n = 


Disagree 

36) 


Agree 

in = 


Disagree 

12) 


METRO has increased my 
interest in mathematics. 


56 


22 


50 


8 


Much of the mathematics 
material at METRO has 
been new to me. 


53 


33 


25 


67 


Before attending METRO. 

1 was good at mathemaacs. 


36 


33 


50 


25 


METRO helped me realize 
1 could do algebra. 


50 


33 


25 


8 


Because of METRO. 1 plan 


33 


17 


33 


8 



(am taking) college-prep 
mathematics coursefi in 
high-school. 

of 1992 to .1 sample of the students participating in the academic-year session. 
Several of the respondents had been invoked in some aspect of the summer 
programme, but others were new to METRO that academic year. The sample is 
small, so results should be interpreted with care. 

Girls were given several statements about the influence ot METRO on their 
perceptions of mathematics and were asked whether they agreed, disagreed, or had 
no opinion. Table 3.1 contains the percentage of responses to seseral of these 
statements for girls in the middle- and high-sehool years. For both groups, about 
half of the girls indicated that METRO had increased their interest in mathematics. 
Substantially more of the middle-school students than high-school students found 
the mathemalics material new to them, perhaps a reflection that this is typically a 
level at which there is a great deal of review in the traditional US curriculum 
(Flanders, ’.9H7). Furthermore, about halt ot the middle-school students indicated 
that METRO helped them reali/t they could do algebra, again, likely a reflection 
of the mathematics curriculum at METRO which places a great emphasis on pre- 
algebra, particularly patterns, use of variables, and solving equations. About a third 
of *-he participants either are taking or plan to take college-preparatory mathe- 
matics because of their METRO experience. These results arc e*onsistent with 
those obtained from the seven graduates of the programme who served as summer 
counsellors. 

High-si hool participants were asked to comment on how METRC') had 
contributed to the development of their mathematical ability. Table 3.2 contains 
a sample of responses. These girls saw METRC') as encouraging them and helping 
them develop ct)ufidence in their ability to pursue mathematical tasks. When 
a.sked to comment on how METRO had hindered the deveU)pment of their 
mathematical ability, there were no responses. However, one participant 
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Table 3.2: Responses to the question, 'How has METRO helped the developnnent of your 

mathematical ability? ' 

• METRO helped me become more interested in math because of the way the(yl challenged 
me and showed me different ways of working out problems. 

• I've always beer ^^rOd at math but M' RO has pushed me even further to put more effort 
into what I was doing and help(ed] me get As instead of Bs. 

• METRO has helped me in persevering and not giving up when it comes to hard 
mathematical questions. 

• METRO has helped to strengthen my mathematical ability. 

• METRO has taken the time to teach me math at my own pace. 

• It {METRO) has given me easy ways to solve long word problems, it has also made me 
look at math in a positive way. 

• They [METRO] helped me get interested in math. 

• They {METRO] have helped me feel confident I could do the math work 

• METRO has helped me find strategies in taking math tests and has shown me some 
short-cuts to solving problems. 

• [METRO helped me) find different ways of solving problems and it's more understandable 

• It hasn't helped much 

• I haven't done much math in METRO. I have however worked with the student I tutor 

Note. Comments are from high-school participants (ages 14-1 7) only. 



mentioned that, although the junior METRO Program had enabled her to enrol 
in honours-level classes, she had been unable to remain in courses at that level. 

As previously discussed, the creators of METRO had felt a need to design a 
programme solely to meet the needs of female studetits. In the teenage years, boys 
and girls begin to discover each other and it was felt that a coeducational 
environment would detract from the overall goals of the programme. However, no 
survey had ever been undertaken to this point to determine whether the 
participants thought the programme should include males. Table 3.3 contains the 
responses (agree, disagree, or no opinion) of twelve high-school participants to 
several statements about having male students included in the programme. 

Most girls thought they would make as many friends, speak up as often in class, 
and receive as much individual attention if boys were a part of the prograniine. 
Nevertheless, half of the girls did not want to see boys included. Those who were 
against including boys thought they would not be as comfortable or as relaxed in 
learning if boys were present. Because the sample was small and consisted only of 
the high-school age group, care must be taken in extrapolating these comments to 
the larger METRO group or to other age groups. Still, the comments suggest that 
for some girls, single-sex programmes may be preferable. Such programmes may 
give some girls a chance to shine and take leadership roles, activities they would 
be less likely to engage in it the programme were coeducational. 
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Table 3.3. React fons to including boys m METRO las a per cent of total responses) 





Agree 


Disagree 


1 would like to see boys allowed in the METRO program. 


42 


50 


1 would make just as many friends at METRO if boys were 
allowed in the program. 


92 


0 


i would talk up m class just as much if boys were allowed 
in the METRO program. 


67 


25 


1 would get as much individual attention if boys were 
allowed in the METRO program. 


58 


17 


1 would learn as much in my METRO classes if boys were 
allowed in the program. 


42 


42 


Boys are more disruptive in class than girls 


67 


17 


I would have liked METRO as much if boys were allowed 
in the program. 


58 


33 


1 would have liked METRO better if boys were allowed m 
the program. 


8 


42 


Male teachers at METRO would care about me as much 
as female teachers 


42 


33 



Note Percentages are based on a total of only twelve responses from hjgh-school participants 
(ages 14-17) 



Conclusion 

The METRO Achievement Program provides a model for programmes designed 
to encourage young females to develop their full aeademie potential. Too often, 
students of average ability, espeeially if they are also female, are lost in the shuffle 
in US seeondary schools and are permitted to drift thmugh school without taking 
any academically challenging courses. The decisions girls make between the ages 
of 1 1 and 17 years can have far-reaehing consequences for their future educational 
nd career opportunities. The problems are especially acute for minorities and 
those from the inner-eities where drop-out rates are high. At a 1990 Education 
Summit, the following goal for US education was outlined: 

What our best students can aehic\e now. our a\erage students must be 
able to .K'hievc by the turn of the century. We must work to ensure that 
a significant number of students from all races, ethnic groups, and income 
lewis are among our top performers. (US Department of Education, 
1990. p. 3) 
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The METRO Program, which combines academic work with personal attention 
and encouragement, provides one avenue to help students meet such a goal and 
accept academic challenges, 

While additional long-term evaluation is needed, that which has been 
conducted to date, both formal and informal, suggests METRO has a positive 
influence. High expectations by the staff seem to help participants develop 
confidence in their ability to succeed. Although all girls may not need such single- 
sex programmes, a substantial number of girls seem to need and thrive in such 
environments. In striving for equity in mathematics education, it is important that 
we meet these students’ needs and provide an environment in which they can 
develop their full potential. 



Note 

1 I wish to .u kDowlodge the helpful eumments provided by Natalie Jakiuyii of the 
MET!U> Achievement Program during the preparatie of this chapter. 
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Chapter 4 

Who Wants to Feel Stupid All of the 
Time? 



Oliue Fullerton 



Recently I found myself waiting in a long queue in a uni\’ersity library. When I 
finally stood opposite the student who was performing check-out service, the 
young woman stopped and stared for several moments at the title of the top book 
in the stack I handed her. That text happened to be Buxton's (1991) Math Panic 
‘That was the best thing about getting out of high sdioor, she said to me as she 
looked up. ‘What was?' I asked. ‘Never liaving to be itnolved with math again. 
Ever!' I asked about the source of her dislike for mathematics. ‘WTo wants to feel 
stupid all of the time?' she responded. 

I teach a mathematics methodology' course for university students preparing 
to teach elementary school children. In her distaste for the discipline of 
mathematics, the young woman performing library check-out duty’ exemplifies 
many of the student te.ichers with whom I come in contact. In fact, over the past 
ten ye.irs, my unofficial records of the attitudes towards mathematics of these 
emerging teachers show that, in every year at least 60 per cent, and sometimes as 
many as 70 per cent, of them express some degree of disced mfort when it comes 
to teaching mathematics. Because of the very high proportion of females in my 
classes (in my most recent class all of the students were female), this means that, 
as Countryman (1992) has also obser\ed. gender remains a thorny issue in the 
mathematics classroom. 

One of the most troubling features of dysfunctional attitudes toward 
mathematics is loss of self-esteem. Embedded in the comment, ‘Who wants to feel 
stupid all of the time?', are feelings of helplessness and despair. While it must be 
acknowledged that some gains have been made in helping women feel more 
confident and comfortable in the field of mathematics, we are still a long way from 
removing the well-established classroom barriers and practices, as well as the 
s(u*ict.il biases, which make it impossible for female students to function on an 
equal footing with their male colleagues. 

Since the phenomenon of low confidence continued to be evident year after 
year among the female teacher-candidate population. I decided to carry out a 
study aimed at exploring how such low self-esteem evolves in this otherwise 
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confident and competent group ot young women, 1 wanted to disco\er whether 
it would be possible to alter the attitudes of individual students, and W'hether a 
change in teaching practices would enhance their mathematics-related self- 
confidence, Over a period of two months. 1 met regularly w'ith six young women 
w'ho volunteered to be involved in my study and w'ho identified theniseKes as 
having low self-concept in their ability to ‘do’ and teach mathematics. 

Our first meeting took an unexpected turn when the participants expressed 
extreme concern over w’hat w’ould be done with the information I would glean 
from the meetings. In the discussion w'hich followed, their fears became \er\ 
obvious, culminating in their refusal to allow' me to tape or even to make notes 
of our conversation during the meetings. Heather summed up the feelings of the 
group w’hen she said. 'No school board w'ould hire me if it were know'ii that I can t 
do fractions at all or that 1 don’t understand any geometry. What parents would 
allow’ their children to be in my classroom? They’d have to be crazy. Their kids 
w’ould turn out just like me and that would be hiui,' I w'as how’ever given complete 
liberty to make notes after our meetings and to use the written reflections w'hich 
they gave me at the conclusion of each get-together. Apparently, they felt in 
control of what they recorded themselves. These reflections and my ow n notes 
formed the data for my study. 

At this first meeting it also became clear that, for any confidence-building to 
be possible, we would have to narrow our goals and focus on a small area of 
mathematics. After much deliberation, there was general agreement that 
3-dimensional geometry was a particularly troubling area for each student and so 
this was the strand of mathematics on which we decided to concentrate. The 
participants spent the final hour of the session writing. They recorded their feelings 
related to mathematics in general and wTOte in p.irticular about any incidents they 
could recall which they believed may haw affected their attitudes toward 
mathematics. Over and over again their statements told how their self-concept had 
been diminished by thoughtless comments or inappropriate behaviours. For 
example. Julie wrote: 

I feel my negative feelings towards mathematics began when I was in the 
fourth grade [9 years of age], I remember 1 was learning tractions and I 
W'as finding the exercises in the text book very difficult. Many times I 
stayed after school and I received extra help from my teacher. I think it 
was around the third or fourth day of the extra help when my teacher said 
to me. 'You’re hopeless. You’ll never understand this. It’s just a w’aste ot 
my time.’ From that time on. I have always con.>idered myself to be stupid 

in mathematics I expected it [failure] to happen and I wasn’t surprised 

or shocked. I learned to accept my inability to understand mathematics. 

The other participants lud similar stories to tell. Their comments indicated a 
profound lack o( self-confidence and poor self-esteem related to understanding, 
and the 'doing’ and teaching of. mathem.itics. 

As a group, we agreed on a definite procedure for each meeting. Each week. 
I w'ould distribute an article which I felt was relevant to the area of geometry 
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identified. The participants would read the article and respond to it in writing 
recording their feelings, any ‘new’ mathematics they learned as they read, any 
memories the reading stimulated, questions which came to mind, and so on. In 
our meetings, we would discuss any feelings induced by the article, and clarify any 
problems which emerged from reading their written comments. At the conclusion 
of each meeting, a few minutes would be devoted to having participants record any 
observations they wanted to make. 

Over the course of our meetings, four issues pertaining in particular to gender 
and mathematics came to light. The first issue was that the participants didn’t 
know how to ‘talk math’; not one of them had ever been engaged in any form of 
mathematical discussion. Males had dominated the classroom mathematics 
discourse. The second issue was that they did not know the appropriate 
mathematics ‘register’ (Halliday, 1978) needed to carry on a normal mathematics 
discussion. Third, beyond basic arithmetic skills not one of these students could 
sec any relevance for exploring the discipline of mathematics. Last, the issue of 
confidence was one which permeated all of our work; all of these young women 
felt ‘stupid’, had feelings of incompetence reinforced by teachers, male siblings, 
parents and members of their communities, and felt certain that they were beyond 
help as fir as learning mathematics was concerned. While these issues are definitely 
connected, for purposes of clarity I will separate them and make recommendations 
pertaining to each. 



Talking Mathematics 

Our second meeting was a great revelation for me. The students had faithfully read 
the assigned article and made extensive notes which they guarded rather 
secretively. When it became apparent that their jottings were all similar in nature, 
they gradually relaxed and a much more open atmosphere prevailed in subsequent 
gatherings. At first we had difficulty establishing a natural flow of conversation. 
When I asked them to comment on the article, there was silence. It soon became 
evident that these young women were afraid of ‘talking mathematics’. The fact that 
I was asking them to express ideas, opinions, concerns and problems was totally 
foreign to them. This, then, was our first hurdle; to become comfortable with the 
idea of talking in a situation where mathematics was being discussed. Before 
discussing the article, they found it necessary first to discuss their experiences in 
mathematics classes. Talk was unknown to them in that setting, Julie reported: 

I've never talked about mathematics before except to say that I can’t do 
it. I've never actually talked in a mathematics class, I wouldn't know what 
to say. You know — I don't have anything mathematical to say. 

After similar opinions had been expressed by several group members. Heather 
recalled that. 

When I was in elementary school I used to try to answer questions. I'd 
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wave my hand and wave it but the teacher didn't notice me. Lots of girls 
had that happen to them. I guess maybe the teacher knew that we weren't 
any good. We used to talk about that. Once all of my friends [girls] 
decided we wouldn't put up our hands at all to see if the teacher would 
ask us questions then. She didn't even notice that we had stopped 
participating. 

In her written response to the first article, Jill commented: 

I agree strongly with the author's suggestions that children should discuss 
and even argue about their findings as they explore shapes. I will always 
remember a day in grade 12 when I started crying in mathematics class 
because I couldn't understand what we were doing. A friend who had 
been helping me a lot throughout the year moved his desk next to mine, 
asked what I didn't understand and proceeded to explain the concepts to 
me. Usually when we talked our teacher just told us to be quiet but that 
day he sent both of us to the office for talking in class and the next day 
my friend had to sit in the seat farthest from mine. Reading the article 
brought this memory back to me and at the same time opened up a whole 
new way of thinking about talking and discussing! . . . Who knows? 
Maybe if I had been allowed to talk I would have walked out of math class 
that day understanding instead of spending my time in the Principal's 
office. 

These student responses provide concrete illustrations of research findings 
with respect to the significance of language in the learning process. Take, for 
example, Vygotsky (1978); 

Our experiments demonstrate two important tacts: 

(1) A child's speech is as important as the role of action in attaining the 
goal. Children not only speak about what they are doing; their speech and 
action are part of om* (wd the siwiv psyclioh\(ficiil JufiitiOfL directed toward the 
solution of the problem at hand. 

(2) The more complex the action demanded by the situation and the less 
direct the solution, the greater the importance played by speech in the 
operation as a whole. Sometimes speech becomes of such vital impor- 
tance that, if not permitted to use it, young children cannot accomplish 
the given task. 

These observations lead me to the conclusion that ihildrai ,<olrc pnutiud 
tdsks iritli the help of their spircli, as well as their eyes and hands. (Vygotsky, 
1978,pp. 2.S-h) 

The idea that language plays a significant nde in learning is not a new one. Dewey 
(1916) wrote about the ‘importance of language in gaining knowledge' and issued 
the caveat that ‘education is not an affair of "telling" and being told but is an active 
and constructive process involving appropriate language with direct experience' 
(p. 17). More recently, Barnes (1971) indicated that the language of the classroom 
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must be viewed as more than the medium of classroom communication; language 
must be seen to be part of the very learning process. 

While there is extensive research and writing on the close connection 
between language and learning, the more specific question of the relationship 
between language use and learning mathematics has received less attention. There 
is, however, a growing body of research which makes evident that, to some extent, 
mathematics learning is also dependent on learners being given opportunities to 
‘talk mathematics’. Cockcroft (1982), in asserting that ‘The ability^ to “say what 
you mean and mean what you say” should be one of the outcomes of good 
mathematics teaching’, emphasizes the significance of group discussion during 
mathematics learning. Bishop (1985) contends that there is far too little 
opportunity for students to talk about and share mathematical ideas. Traditionally 
learners are silent in mathematics classrooms. Teachers talk and children listen or 
respond in one-word phrases. Why is this significant? Bishop (1985) believes that, 
'A new idea will be meaningful for a pupil to the extent to which it connects well 
with the learner's existing ideas and meanings’ (Ibid., p. 27). In c her words, 
mathematics classes must become places where mathematics is discussed. Bishop 
urges teachers to make way for a dramatic increase in the amount of classroom 
mathematics ‘talk’. Hoyles (1985), while stressing the importance of learner- 
learner discourse as opposed to teacher-learner discourse, also points out that 
becoming an active listener in mathematics is equally important and conjectures 
that, in the ‘silences’ of discussion, real learning is taking place, ‘Listening for 
learning is not passive; it is an active attempt to incorporate another's schemes into 
one’s own; it stimulates one to go outside oneself and look again at the arguments’. 
(Ibid.,p. 207). 

The mes'.'.ge of these studies is consistent and clear. Ideal learning conditions 
for mathematics include opportunities to discuss the concepts under consideration. 
Yet not one of these young women recalls having ‘talked mathematics' at any point 
in elementary or secondary school. The one student who did attempt to discuss 
a problem situation with her friend found herself humiliated by being sent to the 
Principal’s office. Are the learning conditions experienced by these emerging 
teachers anomalous, or arc they representative of learning conditions generally 
found in classrooms? In a Ministry of Education for Ontario (1990) review of 
grade 6 (1 1-12-years-old) achievement in arithmetic, geometry and problem- 
solving, the preponderance of children reported that they most frequently worked 
on mathematics alone and that their teachers most frequently worked or 
demonstrated on the blackboard. From this, one can infer that ‘talking mathe- 
matics’ has low priority in most Ontario grade 6 classrooms. Similarly, O’Brien 
and Richardson (1987) state that they found little acceptance, on the part of 
practising teachers, that language use is an integral part of learning mathematics. 
Desforges (1989) reports that, 'Fruitful discussions are rarely seen in primary 
classrooms. This is so even in the classrooms of teachers who recognize and 
endorse their value. When discussions are seen, they are mainly teacher 
dominated, brief and quickly routini/ed’ (p. 150). 

While the women in the research project didn’t recall talking in their 
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mathematics classes, they did remember that the males in their classrooms had 
many more opportunities to respond to mathematics questions posed by their 
teachers than they did. This pattern of classroom interaction in which males are 
preferred is well documented (Sadker, 1984; Coulter, 1993; Best, 1983). Fullerton 
(1993) reports that when a male in an elementary classroom was asked why he 
thought his teacher asked him more questions than the girls, he replied, ‘She 
knows I know the answers and she knows that they don't.’ 



Mathematics Register 

There arc many situations in our lives from which special language patterns 
emerge. This expected and accepud manner of expressing ideas in a particular 
situation is often referred to as ‘register’ (Cazden, 1988; Halliday, 1978; Pimm, 
1987). Halliday (1978), the first to use the \/ord ‘register* to refer to these 
specialized language patterns, characterizes the term in this w^ay: ‘A '‘register" is 
a set of meanings that is appropriate to a particular function of language, together 
with the words and structures which express those meanings' (p. 65). One well- 
studied and documented 'register' is 'baby talk’ (Cazden, 1988), the special 
language used by mothers when they communicate with their infants and toddlers. 
As well, Cazden (1988) designates as a ‘register’ the specialized language of 
particular professions — the way doctors, lawyers, sports announcers, or auto 
mechanics talk when they are ‘on the job'. Thus there is a medical register, a sports 
register, and so on. Access to appropriate registers and a degree of comfort in 
comprehending and using tiiem can be extremely significant to those wishing to 
participate in, or understand, the relevant activities in particular situations. 
Mathematical language is also a ‘register’. Pimm (1987) points out that 'It is not 
just the use of technical terms which sound like jargon to the non -speaker (ot 
mathematics), but certain phrases and even certain modes of arguing that 
constitute register* (p. 76). Further, he insists that acquiring control over the 
mathematics register is a significant part of becoming a competent mathematician 
— at any level. 

During our meetings, it be*.amc clear to me that one of the conditions 
preventing these six teacher candidates from discussing mathematics and from 
becoming ‘competent mathematicians' was their lack of ficility in using the 
essential matheniaties ‘register'. As reported earlier, when the idea of discussing 
mathematical concepts was introduced to the group. Jill indieated ‘I wouldn't 
know what to say — you know, I don't have anything mathematical to say.' 
Heather even reported that 'When I try to say them, mathematieal words just stick 
in my thmat — you know — they just won't come out like regular words.' In 
other words, these young women were reporting that the language necessary for 
engaging in mathematical discussion had, to date, eluded them. In their written 
responses to the weekly readings, comments regarding the ditlieulty ot the 
language or ‘register' were common. Patricia's comments reHected an awareness 
of the need for a special mathematics register: 'The vocabulary [of the article] was 
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slighdy mind boggling; I compared it [the vocabulary] to the psychology 
vocabulary I’m learning and found that perhaps any discipline requires its own 
specific terminology and this wasn’t a “bad thing’’ in itself’ Compare this 
statement to one she wrote several sessions earlier: 

Dodecahedron, icosahedron, . . , what vocabulary! How did these labels 
develop? Why do they have to be so complicated sounding? I can never 
remember all these elaborate labels! , , , Another point of dread arrived 
when this statement w'as made: , . simple quadrilaterals, for which no 

two sides intersect in any point other than an end point of both sides , , 
What’s so scary about that, you may well ask, I DON’T KNOW I just 

hate the way it is all put together I really start to feel out of my 

territory. 

When we talked about what, in fact, was ‘so scary’, all of the participants agreed 
that their fear was likely connected to not having actually voiced any mathematical 
words out loud. Julie reported: 

When I said ‘the quadrilateral’ today in our discussion, it was the first time 
I'd ever said it. Now that I’ve said it TWICE I think I can make it part 
of my everyday language. But last night when I was reading the article and 
came across the word for the first time in years, I found that I wanted to 
look away ... it was as if I didn’t even want to see it, let alone say it . . . 
it was almost as if it was obscene. 



Making Mathematics Relevant 

In recent years there has been a renewed emphasis on presenting the essential 
information of various disciplines through exposure to ‘real’ situations. In 
mathematics, more often than not, this has been accomplished through such 
gimmicks as inserting children’s names in otherwise artificial problems or by 
having children create their own problems. The purpose of making these so-called 
connections is to enable students to ‘see’ the significance of their hard work and, 
as a result, achieve greater satisfaction from knowing that they can employ those 
newly acquired skills in ‘real world’ situations. My criticism of this approach 
should not be taken as suggesting that schools should teach only mathematics that 
is needed in life, for who can predict with any certainty what might be useful in 
the future. Even if crystal-balling were reliable, I would not advocate that 
mathematics be reduced to a utilitarian discipline. Rather, I am suggesting that it 
might be possible and desirable for the mathematics of elementary and high -school 
to provide starting points in life situations funiliar to students, and for learners to 
be assisted in fitting new mathematics into already established patterns of thought 
— in learning to make connections with what is already known. 

One of the barriers to understanding mentioned frequently by the teacher 
candidates working with me, was that, for them, mathematics was neither relevant 
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nor meaningful. They did not appreciate that mathematics permeated their lives, 
that their every action was in some way connected to mathematics, that the beauty 
and harmony of their world was due in large measure to mathematics. 
Countryman (1992) writes that, ‘More often than not they [women] see a 
mathematics that contains neither women nor the concerns of women’ (p. 75). 
Laura wrote passionately about the fact that mathematics did not ‘connect’ to any 
part of her life nor to any knowledge already within her grasp. 

I needed to know why . . , we were learning mathematics . . . More often 
than not I found math to be illogical and useless; what was the point of 
learning about a right-angled triangle? I going to bump into one 
while walking my dog down the street? 

Once the participants realized that they could ‘read’ mathematics and began to feel 
slightly more comfortable with geometric concepts, their attitudes changed and 
they wrote positively about their new understandings. Patricia’s comments are 
typical: 

Overall. I enjoyed discovering that math . . . can be applied to ewryday 
life. I especially enjoyed seeing the picture of the child involved with the 
model of the bridge ... 1 had never known about the rigidity of the 
triangle, nor the strength of the cylinder ... This is the way math should 
be presented. 

In discussion. Doreen added, ‘At least now I can connect this mathematics 
[elementary geometry] with things I know already and with my way of learning 
things. I don't need to be “drilled" on this interesting stuff. I seem to understand 
it and remember it naturally,' In a recent article. Joan Countryman (1992) asks 
several important questions related to relevance: 

What would high school mathematics be if women were central to our 
teaching and thought? How would the metaphors change? Would we still 
speak of ‘mastery’, ‘drill’, and ‘attacking problems’? Would the emphasis 
still be logic, abstraction, rationality, and right answers, or would it 
become construction, exploration, intuition? Would it shift from product 
to process? From exclusion to inclusion? (Countryman. 1992, p, 73) 

I'hese young women seem to have provided partial answers to at least some of 
these sigiiificant questions. Clearly, they felt the need to learn in more 'natural , 
exploratory, constructivist ways. 



The Confidence Factor 

Ihcre was one recurring theme in all our discussions and in every written 
response; the teacher candidates spoke and wrote about how. in relation to 
mathematics, their self-worth had become diminished over the years, how 
particular teachers had shattered their self-confidence, and how lack of success had 
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destroyed their self-esteem. Their eomnients were filled with negative predictions 
about the success they expected to achieve in the group and their ability to help 
children be successful in learning mathemaiics. They spoke openly about the fact 
that they did not ever expect to be other than incompetent even with the most 
elementary mathematics. Doreen seemed to speak for the group when she said, 
'I'm only telling you this at the beginning so that you won't get your hopes up 
that 1 11 learn some math and then be disappointed when nothing changes for me. 
Likely these others can learn but not me.' 

Following the reading of the first article, we talked about the concepts 
presented tor more tlian two hours during which I gradually introduced the 
mathematics register that was essential for the discussion. Not once did the 
intensity ot the discussion fade or the focus shift. As well, to reinforce the ideas, 
we spent time examining appropriate concrete materials — models of simple 
geometric solids. Each participant agreed to ask questions ‘no matter how dumb'. 
! tried to be encouraging and gave each student every opportunity to respond to 
one another's questions whenes'cr possible. At the conclusion of that session each 
participant had. wliat she believed to be, a thorough understanding of tlie 
elementary concepts introduced in the article and a grasp of the mathematics 
register essenti.il tor discussion of those concepts. Each participant had selected a 
solid, described it using appropriate mathematics register, suggested where she had 
encoiM -tered models of the solid in the ‘real' world and indicated how her concerns 
liaci been alleviated and in what ways she still felt apprehensive about this particular 
area of mathematics. Following this particular session, Jill wrote, ‘It is a small step 
but It tec'ls like quite an accomplishment ... I feci that my knc'iwledge is expanding, 
slowly hut surely I feel that the very small mental framework I have for geometry 
is growing tc^ accommodate .» wlude new wealth of information.’ In a similar vein, 
Doreen indic.ited th.tt ‘I know this increase in knowledge will positively affect my 
conticlence when te.iching geometry to my class.' In the oral discussion, there was 
c‘\en a change ot tone in their voices. They sounded more confident, more 
optimistic 'M.iybe I can learn this stutT.ifter all', julie cc^mimentcd. 



Rcctunniendations 



\\'h,it can we learn from this study ah nit how the teaching and learning of 
mathematics atlects female students? I believe it shows that we have to work on 
a number of .ireas concurrently First, we must make teachers more aware of the 
signitic.mce ot language in the learning process and particularly of the importance 
ot language in the learning o( mathematics. Mathematics learning experiences 
should become ‘more like messy conversations than like synoptic logical 
pivsentations of conclusion^.' (I.ampcrt. 1992, p. 307). Further, as Desforges (1989) 
lus suggested ‘It disc ussions are to be standard practice, then quite clearly the time 
will h.ive to be made to conduct them in an undistracted fashion. This entails 
reducing drastically the breadth of the curriculum that teachers feel obliged to rush 
o\ei' (p. l.S(q. As well, teachers must be helped to realize that all learners in the 
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classroom, not just males, must be provided opportunities for participating in 
mathematics discourse. 

Closely connected to mathematics discussion is the issue of mathematics 
register. Learners of both genders must be given opportunities to use the register 
of the mathematics being discussed. Since learners often require demonstration, 
guidance and direction from ‘experts' before they can function independently, 
teachers must ‘talk mathematics' so that learners can do the same. Once they are 
familiar with the ‘register', students must then be provided with many occasions 
which require them to use the appropriate mathematical language. But let me 
emphasize again, females must have equal access to the concepts of mathematics 
and the power and understanding that talking about them brings. 

The third message extracted from the weekly study sessions is that relevance 
is of particular importance to girls and young women. Several years ago, I 
interviewed sixty children as part of a research project which attempted to assess 
the ‘condition' of mathematics education in Ontario schools. When I asked where 
the students would use the mathematics just taught by their teachers, the following 
was a ty'pical response: ‘Oh, you wouldn't use that out there Miss [in the 
comniunityl, you only use that in here [the classroom].' The young women who 
met with me must have had similar classroom experiences, for not one of them 
recognized the relevance of mathematics in their lives. How can mathematics be 
made more relevant? Resnick (1987) discusses and supports the view that the focus 
of school mathematics must move away from ‘symbols correctly manipulated' and 
‘decontextualized skills . . , divorced from experience'. Schoenfeld (1988) reminds 
us that; 

Whether or not it is intended, the students' sense ot ‘what ina them, i tics 
is really all about' is shaped by the culture (context) of school mathematics 
— the environment in which they learn these facts and procedures. In 
turn, the sense of what mathematics is really all about determines how (it 
at all) the students use the mathematics they have learned. . . . [Mjoreover, 

. . . the facts and procedures students learn in mathematical instruction 
should be a means to an end rather than an end in themselves. 
(Schoenfeld, 1988, p. 82) 

If we follow this reasoning, we have serious work to do in redesigning our 
curriculum and in helping teachers change their classroom roles. Typically, in most 
jurisdictions, mathematics curriculum design has been about creating lists of 
concepts which (hopefully) match children's developmental levels. Instead, 
mathematics (at the levels being discussed here) needs to become ccmtextually 
b.ised so that meaning becomes part of the exploration. I am not suggesting that 
current ‘school mathematics' be replaced with personalized routines or ‘street 
mathematics', but I am recommending that we bring meaning to mathematics by 
allowing learners sec its power and beauty in everyd,iy situations. We must make 
mathematics meaningful by having learners discover that it connects coherently 
across home, school and community. Countryman (1992) puts it succinctly: 'So, 
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here is iiuitheinatics challenging us to see ourselves and others in connection with 
the world' (p. 82). 

Finally, we must be concerned about building students' confidence. These 
young women felt that they could not 'do' or even learn how to 'do' mathematics. 
Countryman (1992) asks. 'Is there something wrong with women or is tliere 
something wrong with mathematics?' (p. 77). I'd like to suggest that there is 
nothing wrong with either; instead the problem lies with the low expectations of 
significant others in women’s lives. The expectation of many teachers, parents, and 
the general public is that women will be less successful in studying mathematics 
than their male counterparts. These negative expectations are soon 'picked up' and 
adopted by sensitive learners. In discussing competence in mathematics. Walk- 
erdine (1989) comments that. 'Girls are still considered lacking when they perform 
well and boys are still taken to possess something even when they perform poorly.' 
Educators need continually to affirm women's ability in mathematics. Burton 
(1989) points out that: 

It is unreasonable to expect that teacher input or school environment can 
effect radical clianges in the image of women and of mathematics in 
society. At tlie same time it is unreasonable to deny that, as a social 
institution, tl'ie school lias considerable influence on the attitudes and 
behaviours of those witliin it (Burton. 1989. p. 185), 

In conclusion, the impact of gender in learning mathematics remains an issue 
for concern. This study identified four factors which aft'ect the mathematics 
learning ot female students. By addressing each of these factors. I discovered 
answers to the questions posed at the outset of this study. Low self-esteem, which 
can have a crippling e fleet on the ability ot some women to 'do' mathematics, 
evolved through the low expectations, attitudes and behaviours of teachers, 
parents, siblings and community members. By using a consistent and non- 
threatening approach, it was possible to alter the attitudes of individual 'female 
students. By changing teaching practices in the ways described. I enabled these 
women to make substantial gains in their ability to understand mathematics. Of 
course, factors which aflect women as they attempt to learn mathematics affect all 
learners to varying degrees, I believe that when we understand the tvpes of 
tlassroom piacti(\'s which benefit females, we will have enhanced our under- 
standing of mathematics learningin general. And then, all learners will benefit. 
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Assisting Women to Complete 
Graduate Degrees^ 



Lynn Friedman 



Introduction 



In the past five years, those eoneerned with gender equity in mathematics have 
witnessed an increasingly bright picture. In many western countries, programmes 
designed to appeal to women have appeared and been publicized (see reports in 
Burton. 1990). In the US, meta-analyses of journal and other published accounts 
indicate a decrease in the size of gender differences in mathematical achievement 
reported (Friedman, 1989; Hyde, Fcnnema and Lanion, 1990). A survey of new 
doctorates in the US reported a gradual increase in the proportion of degrees 
granted to women from 6 per cent in 1950 to 24 per cent in 1993 (American 
Mathematical Society, 1993). The first president of the AWM (Association for 
Women in Mathematics) gave a glowing account of the growth of that 
organization over the past nventy years (Blum, 1991). 

Mathematics is an addictive occupation, or preoccupation, regardless of 
gender. Becker has described the features of mathematics w'hich draw both women 
and men to the subject: ‘its logical nature, its problem-solving aspects, its 
objectivity, and its creative nature' (Becker, 1990, p. 120). In the mid-1960s, when 
I completed my degree in mathematics, I felt that the support w'onien who were 
considering mathematical careers needed most was company in guilt — guilt 
occ.isioned by their avoidance of personal and communal social responsibilities. 
But, securing company in guilt meant being able to find other female mathema- 
ticians, and there w'ere fewer around then than there are » nv. 

Undoubtedly, the situation has improved. This is u iiainly true in the western 
world where women faculty' are becoming more numerous and increasingly visible 
in mathematics departments. Howvver, they are still not well-represented at the 
higher levels of the profession. The proportion of women receiving graduate 
degrees in mathematics is still too small. In the US. gender imbalance is no longer 
evident at the undergraduate le\ el. The proportion of women receiving bachelor 
degrees in mathematics climbed from 23 per cent in 1930 to 37 per cent in 1970 
and then to 47 per cent in 1992, Table 5.1 gives statistics on b,iclielor degrees 
awarded in the period 1949 to 1992. 
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Bachelor degrees awarded in mathematics to women. 1949-92 




Year 


Total 


Women 


% Women 


1949-50 


6382 


1440 


23 


1959-60 


11399 


3106 


27 


1969-70 


27442 


10265 


37 


1974-75 


18181 


7595 


42 


1979-80 


11378 


4816 


42 


1984-85 


15146 


6982 


46 


1989-90 


14597 


6785 


46 


1990-91 


14661 


6917 


47 


1991-92 


14783 


6895 


47 



Note' Vance Grant (private communication, 1993) provided the 1990-1 figures; Norman Brandt 
(private communication, 1994) provided the 1991-2 figures. 

Source. US Department of Education, Office of Educational Research and Improvement. (1989) 
Digest of Education Statistics. Twenty-fifth Edition, Washington, DC, US Government Printing 
Office, Table 266, p 281 . US Department of Education, National Center for Education Statistics. 
(1991)’ Table 233 



Table 5 2 Masters degrees awarded /n mathematics to women, 1 949-92 



Year 


Total 


Women 


% Women 


1949-50 


974 


190 


20 


1959-60 


1757 


335 


19 


1969-70 


5636 


1670 


30 


1974-75 


4327 


1422 


33 


1979-80 


2860 


1032 


36 


1984-85 


2882 


1008 


35 


1989-90 


3667 


1472 


40 


1990-91 


3615 


1478 


41 


1991-92 


4011 


1559 


39 



Note Vance Grant (private communication. 1993) provided the 1990-1 figures. Norman Brandt 
tpnvatecon'imunication, 1994) provided the 1991-2 figures 

Source US Department of Education, Office of Educational Research and Improvement (1989) 
Digest of Education Statistics. Twenty-fifth Edition. Washington. DC. US Government Printing 
Office. Table 266, p 281 , US Department of Education, National Center for Education Statistics 
(1991) Table 233 



The proportion of women rceoi\ing masters degrees in nutheiiuties has 
similarly iiiereased over the years. As is apparent from Table 5,2, 3V per cent ot 
these degrees were awarded to women in 1992. 

The figures which are cause for concern, however, are those tor doctoral 
degrees. Table 5.3 eonveys this information and shows that tlie percentage ot 
female reeipients has increased over the last fortv^ years, from 6 per cent in 1950, 
to 21 per cent in 1992. Furthermore, according to a survey conducted by the 
major mathematical organizations in the unmtry, in 1993 the figure stood at 24 
percent (American Mathematical Society. 1993). However, even the latest figures 
are not satisfactory. According to Henrion (1991), women make up less than 6 per 
cent of tenured faculty in mathematics. 
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Table 5.3 


Doctoral degrees in mathematics awarded 


to women, 


Year 


Total 


Women 


1949-50 


160 


9 


1959-60 


303 


18 


1969-70 


1236 


96 


1974-75 


975 


no 


1979-80 


724 


100 


1984-85 


699 


109 


1989-90 


915 


169 


1990-91 


978 


188 


1991-92 


1082 


231 



% Women 



Note: Vance Grant (prjvate communication. 1 993) provided the 1990-1 figures; Norman Brandt 
{private communication, 1994) provided the 1991-2 figures. 

Source US Department of Education, Office of Educational Research and Improvement (1989) 
Digest of Education Statistics. Twenty-fifth Edr>on. Washington. DC. US Government Printing 
Office. Table 266, p 281 , US Department of Education. National Center for Education Statistics 
(1991) Table 233. 

Table 5.4 SATM effect sifos and ratios of males to females m the upper score ranges. 1981-90 



Year 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 



Effect Size 
Overall 

0 43 
0 44 
041 
0 39 
0 40 
0 42 
0 39 
0 37 
0 39 
0 37 



Ratio 

Upper 0.05 



Ratio 

Upper 0.01 



Ratio 

Upper 0.005 



Note Data for thts table was calcuiated from numbers of students taking the SATM. means 
and standard deviations, as reported by the College Entrance Examination Board Research 
Department, in private communtcations. dated 1989. 1991. and 1992 



riu‘ rise in the lumibor of ni.ithcni.itit’s degrees gr.intcd to women is surely cause 
for optiinisni. However, researchers dealing with highly selected elite popul.itions, 
such as gifted Junior and college-bound senior high-sehool students, point to figures 
which are not quite so encouraging. For example, for Stanley and Benbow's 
mathematically precocious youth', the ratio of' males to females is large. These 
indix iduals were tested using the mathematics section of the SAT-M (Scholastic 
Aptitude Test), a US college entrance examin.ition on which scores can go as high as 
HOO. For these gifted samples, the higher the group cut-otl score, the larger the ratio 
of males to females, reaching 12 to 1 for scores over 700 (Stanley and Benbow, 19S2). 
These figures are similar to those tor college-bound seniors (i.e., final vear 
secondary-school students planning to attend college). Table 5.4 gives statistics for 
SAT-M scores frmn 1 98 1 to and includes the ratio of males to females in each of 
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the 0.05, 0.01, and 0.005 upper score ranges of the distributions. 

Ratios in the upper score ranges do not reflect the effect sizes (that is, the overall 
standardized mean differences) between males and females on the mathematics 
portion of the SAT, These have recently decreased to slightly more than one-third a 
pooled standard deviation. However, SAT-M male variances are substantially higher 
than female variances. In this case, a small mean difference, even one in favour ot 
females, can lead to large male to female ratios at the upper ends of the distributions 
(see Becker and Hedges, 1988). It is true that since the mid-1970s, the ratios of 
Stanley and Benbow’s (1982) gifted population in the upper score ranges have 
decreased. Moreover, the percentage of women in many other lua thematically 
demanding professions such as computer science, engineering, and the physical 
sciences, is smaller than that in pure mathematics. However, those of us who are 
concerned with gender equity may take little consolation in this. 

Opinion is divided on whether women entering doctoral programmes in the US 
drop out at higher rates than do men, Lewis (1991), while notingthatconcretedata is 
difficult to obtain, states that ‘ . , women constitute only about 30 per cent of those 
pursuing a curriculum that leads directly to a doctoral programme. Thus, the &ct that 
women constitute about 25 percent of US citizens earning a mathematics doctorate 
would indicate we are not losing many well qualified women at the doctoral level and 
that to increase the number of women doctorates requires getting them into 
appropriate undergraduate programs' (Lewis, 1991, p. 722). Other writers disagree 
(for example. Billard, 1991; Case and Blackwelder, 1992). Most of the evidence cited 
is anecdotal, although Billard reports a 1983 study, conducted by Berg and Ferber at 
the University of Illinois, which found a higher attrition rate for women despite 
gender-equitable distribution of financial aid. Research dealing with this question is 
in progress (see Case and Blackwelder, 1992), 

This, then, is the problem: women receive :> small proportion ot the highest 
degrees awarded in mathematics, and possibly drop out of graduate programmes 
at higher rates than do men. The question therefore becomes, what does the 
research tell us about how to attract and retain women in these programmes? 
Qualitative research, in the form of interviews and case studies, has provided many 
suggestions. Some of the findings, in fact, are reminiscent ot those confirmed in 
large studies of younger students, Helson, cited in Becker (1990), found that 
women mathematicians were less assertive, less confident, and less comfortable in 
their social surroundings than were their male counterparts. Becker, herself 
observed that female graduate students had more doubts about attending graduate 
school than did men. CA'^ntidence in ability, assurance in pursuing an advanced 
degree, and comfort in the community of mathematicians are clearly areas that 
must be encouraged. 



Contideiice and Preparation, Interacting Factors 

The finding documented most repeatedly in studies ot younger students is that 
women have less confidence in their mathematical skills than do men (tor example. 
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Bonbow, 1988; Sherman and Fenneina, 1977), In fact, confidence is a central 
factor in womcirs participation in mathematics at all levels beyond elementary 
school (Armstrong, 1985), Recent reports indicate that women are still participat- 
ing in the most advanced courses in lower numbers than men, although there are 
indications that the situation is changing (Frazier-Kouassi cf ai, 1992), 

Weak preparation for university compounds the problem. Researchers have 
found that women tend to attribute fiiilurcs to internal causes and success to 
external ones, while men do the opposite (see, for example, the discussion in 
Kloosterman, 1990), As such, women may blame their abilities for problems 
which are caused by their inadequate preparation. Worse still, according to 
Harrison (1991), 'peers and professors probably will make the same judgments due 
to the same social pressures (p, 732), These circumstances can only function to 
d i mi n ish c o n fi de n c e . 

Regardless of their preparation, women do comprise nearly half of the 
undergraduate students in mathematics. However, confidence may once again be 
a factor in their seemingly less ambitious choices of focus within the field (Frazier- 
Kouassi ct a/., 1992). Furthermore, women graduate students often make the 
untortunate decision of beginning in a masters programme to see how they like 
graduate studies instead ot enrolling directly in a doctoral programme, not realizing 
that by doing so they m,iy be labelled as *iuH serious' about doing mathematics 
research (Harrison, 1 99 1 ). 

It is possible that encouragement from teachers and other experts in the field 
n gilt offset lack ot confidence. In Becker's study, 'the women were more 
inriuenced by "significant others” than were the men (or at least they were willing 
to admit it) (Becker, 1990, p. 12b). However, women are apparently less likelv to 
find encouragement. In their undergraduate samples. Frazier-Kouassi ct al. (1992) 
observed that males received encouragement more often than females to take 
challenging mathematics and physics courses. However, persistent personal 
encouragement .ilso h.is its limitations, Seymour (1992) cautions that women, who 
tend to perttMin for others' more persasively than do men, may be less able to 
handle the transfer to ,i more impersonal environment. 

Ntinetheless, sensitive and accessible advising is crucial. The problem is it is 
not always .ivailable. [Wlomen and minorities are frequently inadequatelv 
counselled, and ... if anything, they require more counselling than other students 
to combat the gender and racial-stereotyping they receive. . . . |T|he need for 
better advising .it the post-second.iry level h.is beci'une a serious problem (Keith, 
1989, p. 21). Moreover, mathematics faculty frequently believe that the only 
advice a gnuluate student needs is from the thesis advisor. 'For .ulvising to be 
successful, its importance must be recognized' (National Research Council. 
United States, 1992. p. 35). 

C.ounselling .ind help with ,ic.ulemic problems should be .iccessible tc^ all 
students on a regular .md frequent b.isis. In .itidition, it should be .iv.nlable from 
m.ithem.itics faculty within mathem.itics dep.irtments. Women s gnuips <,^r special 
offices created to aid women and minorities are not adequately equipped to guide 
,ind support women in spot lalized .le.uiemic programmes. 
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Advisers and counsellors must be made aware of women's possible lack ot 
confidence. Women must be encouraged to tackle ambitious programmes, and 
they must be provided with opportunities in low'er-lewl graduate courses to rectify 
inadequate preparation. Faculty’ in mathematics departments must be sensitized to 
the need for a well-structured and supportive ad\ ising programme catering to all 
graduate students, but especially to the particular requirements of women. 



The Social Environment and the ‘Critical Mass’ 

The discomfort women experience in the social environment of mathematic. s 
departments ranges from feelings of being viewed as annoying intruders to simply 
being ignored. Social interaction between graduate students may be centred on 
sports in which the female student has no interest. Worse, there may be no 
ongoing social interaction at all, since faculty and advanced graduate students may 
be distant and engrossed in their own research. Such isolation is clearly diminished 
when there are other female students around. Harrison (1991) notes that '[t]hese 
problems [of male-female interaction] diminish when there are enough women 
around. The men are more accustomed to their presence and the women have 
each other for support (p. 732). Frazier-Kouassi <7 a/. (1992) cite evidence that 
‘women are more likely to . . . remain in a nontraditional job or programme it there 
are a reasonable number ot other temales present as classmateN and/ or as colleagues 
(p. 49). Jackson (1992) found that one important characteristic ot departments that 
are top producers of women mathematics doctorates is that they have women on 
the faculty*. Female liberal arts colleges provide a disproportionate number ot 
students who enter and complete graduate programmes in mathematics (Sharpe, 
1992). 

The proportion of females that might be considered adequate to ensure 
comfort in the mathematical milieu, that is provide a 'critical mass , probably varies 
from institution to institution. Howewr, in the interests ot assisting women to tmd 
graduate programmes with a ‘critical uunn ot temale involvement, intormation 
should be made available on the number of women faculty and graduate students 
in each institution. In 1976, Herstein (as described in Schater, 1991) reported on 
departments that had produced female doctorates. More recently, Jackson (1991) 
has pnwided an account of the top producers of women mathematics doctorates 
but, ctmsidermg the time that it takes to produce a doctoral thesis, some 
universities may be doing better now than those on Jackson's list. A complete 
listing, by institution, ot US doctoral degrees granted in 1992-3 has been 
published in the November 1993 issue ot the of the AldthcfHttfiuil 

Society. 
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Financial Support 

The western world has produced a substantial amount oflegislation intended to 
eliminate barriers to women entering degree and professional programmes. Much 
ot this legislation revolves around money, either by prohibiting the use of 
government resources by establishments which do not comply with equirv’ 
standards, or by awarding grants directly to equity projects. However, early 
expectations concerning the levels of funding which would be provided have 
rarely been met, and in many c.ises funding levels have remained the same or even 
declined since the early 1980s (Stromquist, 1993). Indeed, ‘Gender is an area 
particularly \ ulnerable to symbolic politics . . . the rhetoric surpassed funding and 
implementation' (Ibid., p. 399). Unfortunately, as a collective, women mathema- 
ticians do not yet h.ive the political strength required to campaign effectively for 
better levels ot support. One reason for this may be that their efforts are dispersed 
among several groups within a variety of larger professional associations, and in 
contrast to their parent assiu'iations, there is little sharing of information and 
combining of effort among them. 

Delivery of Instruction 

Apart from research on contidence ,md participation, our information is sp.irse in 
the area ot the environmental factors affecting women in mathematics pro- 
grammes. For the past forty years, there has been some focus on cognitive factors 
which interact with mathenutical skill. In the late 1950s, the Clatholic Universitv 
ot America produced several doctoral theses analy/ing gender differences in 
mathematics. More specifically, it was reported that spatial and verbal skills interact 
with mathematical achievement in different ways for each gender. In fact, one of 
these researchers was prompted to suggest that since girls ,ind boys evidently 
learned mathem.iiics in different ways, they should be t.iught by drawing on 
ditlerent cognitive strengths and ptissibly in ditterent classrooms (Emm. 1959). 
More recently, other researchers have found that females who attend single-sex 
schools attain better results in mathematics than do those in coeducational 
environments (see. for e.xample, Lee and Bryk. 198fi). However, evidence distilled 
trom studies since the 1950s does not support the notion that males and females 
have dirtercnces in cognitive learning patterns except, possibly, in academically 
elite samples (Friedman. 1994). 

It lus been suggested that cooperative learning environments may be more 
successful in nourishing women's mathematical growth (for example. Barnes and 
Cauipland, 1990; Fra/ier-Kouassi et u/., 1992). Other research, however, indicates 
that such an approach must proceed with caution (Webb. 1984). Women in small 
groups, where they are outnumbered by men. may find their voices drowned out 
and then confidence thus further diminished. Fra/ier-Kouassi et ol. recommend an 
emphasis on problem-solving, model-building, and the discovery approach to 
teaching. However, research supporting the effectiveness of these approaches for 
females is scant. 
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Should wo wait for the evidence? Authors ot the University of Michigan 
project believe that ‘we cannot afford to wait for research results before beginning 
to implement institutional change' (Frazier- Kouassi cf <i/.,1992, p. 131). On the 
other hand. Seymour (1992) states that . . some commonly expressed, but 
untested, theories about the causes of switching [out of mathematics and science 
undergraduate majors] ha\e limited validity', and may serve to divert attention away 
from etfective institutional interventions' (Seymour. 1992. p. 292). Apparently, 
doubts as to the theoretical viability' and practical effectixencss of potential 
interventions was one reason for the ‘cool reception' given to a group ot university- 
researchers by funding sources (Lewis, 1991). Of course without attempts at 
reform, the necessary research will never exist. S« pporting many small-scale 
intervention projects may be more etfective in the lotig run than pressing for 
universal methodological change. 



Conclusion 

The logical, objective, and non-\erbal nature of mathematics, opening new worlds 
of reasoning to those who like to use reason, has captivated most ot the readers and 
writers of this collection. Mathematics as it is, or was, appeals to women. 
Moreover, there is the emergence of a new kind of mathematics, which may be 
even mc'Jie interesting and viable for tcmales. in the application of mathematical 
modelling to areas such as the environment and public policy. We need to reintorcc 
the strategies of the past while simultaneously searching for new methods and we 
can do both. 

The women entering mathematics graduate programmes today are still -often 
ambivalent or uncertain. The experience ot women today is not so difterent from 
the experience of women of the 19h0s as I remember it — women still teel an 
obligation to make a contribution to society, and many arc unaware ot the social 
val lie o f 1 nat hematics. 

We must nuke continued cfl'ortN to encourage change in graduate mathe- 
matics programmes; wc must press tor improveineiil in the collection and 
dissemination of information about female enrolment, and in the quality and 
quantitv of the advising otfered to women. Sensitiw advising and the presence ot 
critical masses of women interact to benefit female graduate students by 
reinforcing their contklence in their own .ibilities. promoting their social comtort, 
and enabling them to exchange information .ibout the social value ot mathematics. 
Finally, we must tiiui ways to join forces by integrating rather than dissipating our 
etforts through the many organizations concerned with gender eepiity in 
mathematics. Only then can we apply our combined strengths to achieving these 
shared go.iK. 
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Note 

1 The author is grateful to Carol Wood, former presideiu of the Assoeiatioi^ for Women 
in Mathematics of the United States, for m.my helpful suggestions during the time this 
work was in preparation. 
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Chapter 6 



A National Network of Women: Why, 
How, and For What? 



Barhro Grci^liolm 



I Ills ^liaptor disi iissfs the origins and goals of the Swedish Women and 
Matheniaties network and t)utlines its Connections with the society within which 
It operates. Through tonferences and newsletters, women support each other, 
share mtormation and collaborate on joint projects. Published conference 
proieediiip in turn provide the literature for pre-service and in-service teacher 
education and in this way the ideas of Women and Mathematics are more widely 
;1; -••eminated. As well, we are engaged in research on classroom interaction and 
airrieuluin development, and other activities which promote women in post- 
sci. ondarv education. 



Why the Need for a National Network? 

Sweden is popul.irly regarded as a country which has made great strides in 
.u hievmg equality between men and women. But. as we shall sec. in the field of 
advanced mathematics this is still far from being realized. The Swedish educational 
wstem orters equal access to all students, providing nine years of compulsory 
ediuation. and an additional optional three years at the upper -secondary school 
lev el, which the v.ist majority of students choose to do. It is generally agreed that 
girls' pert'ormance in mathematics throughout the compulsory years of education 
is better than that of boys, despite the fact that boys obtain slightly better results 
(Ml average than girls m the national standa^li/cd test given in year nine (Cirevholm 
and Nilsson. This pictur' is very similar to that found in many other studies 

ot gender ditlerences in mathematics achievement (Kimball. 1989). 

1 he upper scj tuidary level is where different gender patterns of participation 
in mathematics begin to be apparent. Less than tme-fifth of all students choose to 
pursue the natural science programme, which is a requirement for those intending 
to go on t(» university to study mathematics or science. Of this group or’ one- 
ihird are girls. However, they arc often very successful and leave upper-sccwiidary 
stliool with higher marks in mathematics than boys. Indeed, according to Ljung 
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(1990), as a group, girls who choose to study natural science enter upper- 
secondary school with better marks than boys, and obtain better results than boys 
on the national standardized mathematics test taken in the third year of upper- 
sec on dary school. 

At the university level, this trend continues. Fewer than one-third of all 
students in mathematics are women (although 40 per cent of students preparing 
to teach secondary-school mathematics are women). However, at the University 
of Lund, Mathematics Department statistics show that while 55 per cent of male 
students finish their progranune in the expected period of time, the corresponding 
figure for women is 60 per cent. Nonetheless, very few women go on to do 
doctoral work in mathematics. The first woman in Sweden to obtain a doctoral 
degree in niathcmatics was Louise Petren who received her degree from Lund 
University in 1911. Since then, Svvedish universities have granted only tsventy-one 
mathematics doctorates (or equivalent degrees) to women (Grevholm, 1994). And 
according to Piene (1994), Sweden’s record in this regard is worse than all other 
Scandinavian countries. 

This poor record of female participation mathematics is further reflected in 
the fact that only 3 per cent of senior university mathematics lecturers are women 
and Sweden currently has no female professor of mathematics. Indeed, Sweden s 
only female professor of mathematics was Sonja Kovalevskaja who died in 1891. In 
contrast, in other disciplines, on average about 8 per cent of all professors and 20 
per cent of all senior lecturers arc women (Wittenmark, 1993). 

Clearly, there is a need to increase female participation in mathematics both 
at the upper-secondary level and at the university level. There appear to be two 
crucial stages in a girl’s life where major barriers to participating in mathematics 
are experienced: the first is the point of choosing a programme of study in upper- 
secondary school, and the second is the passage to graduate studies. Evidently, 
systems change very slowly if they are not pressured from outside there has been 

little change in twenty years in the field of mathematics, while in medicine and 
lav; the rate of participation of women has increased considerably over that period 
to the point that it is now almost 50 per cent. To change the prevailing pattern in 
mathematics education intervention in the educational system is essential. 

The Swedish network of women seeks to increase the number of females in 
mathematics by engaging them in various kinds of intervention. From a theoretical 
point of view, the network is an intervention project, but underlying our work are 
a variety of feminist assumptic^ns (see Mura, Chapter 19, this volume). According 
to Fennema (1994), personal beliefs and perceptions, as well as methodology, 
including the scientific method, are all influenced by male perspectives. Because 
female perspectives have not been included in a variety of areas, our view of the 
world is interpreted tliroueh male eyes and is ineomplete at best, ihe ways in 
which women are invisible and (made) passive can be seen very clearly in various 
mathematics organizations of Sweden. The Swedish Mathematics Society, for 
example, has very few female members and only one woman on its board. 
Teachers’ associations in mathematics and science are male-dominated even 
though there are many female teachers in these subject areas. For instance, the 
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eleven-person organizing committee for the 1993 Mathematikbiennalen, a 
biannual national conference for mathematics teachers, had only two women 
members. And although most of the teachers at the younger age levels arc female, 
only forty-nine of the 1 14 speakers were women. However, at the same time, it 
is encouraging to note that the situation is better now than it was up to 1990. As 
another example of the way in which women are made invisible, Swedish 
mathematics textbooks paint a pictire, through their choice of illustrations and 
problem contexts, of a world that is two- thirds full of men (Areskoug and 
Grevholm, 1987; Roniibiick, 1992). 

Why then have we chosen to establish a network consisting only of women? 
Why not a network for all mathematicians and all teachers of mathematics? Do 
women need ways to reach each other and handle problems away from men? 
Projects in which boys and girls are taught separately are currently underway and 
members of the network are examining the effects of such interventions 
(Rdmibiick, 1992). Some researchers (see, for example, Hanna, 1994) have warned 
.ibout the negative effects of segregated teaching. Undoubtedly, questions 
concerning the advantages and disadvantages of segregation are worthy of deeper 
analysis, but for the moment, at least, many women seem to value working in a 
segregated environment. 



How Are We Organized? 

There are of course many ways we might have chosen to organize ourseh'cs in 
pursuit of our goal to empower women in mathematics. What are the advantages 
of a network? A formal organization would certaitily offer opportunities for 
women to meet and make contact, but it would also require considerable 
organizational effort which would divert energy' from other pursuits. A network 
offers the same opportunities without the need for special formal arrangements. 
A network empowers women by giving them visibility, helping them to make 
personal contacts, opening up communication, and making it possible for them to 
explore each other's work and results. It provides the inspiration and motivation 
for women to combine their strengths and work together to achieve a common 
purpose. The aims of the Women and Mathematics network in Sweden are: 

• to create contacts between those who are interested in issues concerning 
women and mathematics, both in teaching and in research; 

• to disseminate information on projects and research about women and 
mathematics; 

• to suggest speakers (preferably female) on subjects concerning women and 
mathematics; and 

• to be a national section c)f the international lOWME network (Chevholm, 
1991), 

In the four years since the network was established, the membership has 
grown fix)m 130 to alK)ut .SOO persons, a growth which demonstrates very clearly 
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Figure 6. 1: Model of connections between the Network and the surrounding society 

Note: A double arrow shows that persons belong to both organizations, a single arrow indicates 

the direction of possible influence. 




the need felt by women for tiiulmg ways to meet and discuss these issues, 
(A)iineetions are facilitated and information is disseminated by means of a 
newsletter which is distributed twice a year. Included with the national newsletter 
is the Newsletter of thv Iiitrnititionol (hifiWizdtion of IVomni ond Miitlinttan'i's, and this 
ensures that news about gender and mathematics from all over the world reac hes 
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women in Sweden. Two national conferences have been organized by the 
members of the network and the published conference proceedings are now used 
as literature in teacher education (Grevholm, 1990; Brandell, 1994). The first 
national conference in Malmo served as a stimulus to women in the other Nordic 
countries: in 1991 a conference took place in Denmark (Tingleff, 1991), and in 
1992 a conference in Norway was arranged (NAVF, 1993). The three networks in 
Sweden, Denmark and Norway have several members in common and this 
provides excellent opportunities for communication and the sharing of resources 
across countries. 

Figure 6.1 illustrates the relationship between the Women and Mathematics 
network and other structures and organizations of Sweden and beyond. Some 
examples follow of the ways in which the work of the network has both influenced 
and been influenced by the various groups represented by the membership (for 
more examples, sec Brandell, 1994 and Grcvholm, 1992a, 1992b). Several of our 
members arc textbook authors. As they became aware, through the network, of 
gender inequitc* in textbooks they were, in turn, better able to influence their male 
co-authors. The first investigation, in 1987, pointed out that boys were featured 
at least twice as often as girls in textbooks. An investigation in 1994 showed that 
a recently published textbook for upper-secondary school mathematics coinains 
fortv'-three pictures of boys and men and only five of girls or women. Obviously, 
there is no reason to discontinue working on changing the representation of the 
sexes in textbooks. 

Our contacts with the National Agency for Education ha\e led to our 
securing financial support to hold our own conferences, to sponsor the 
participation of our members in international conferences, and to produce written 
materials on equit\' in mathematies education. Generous support from the Agency 
enabled us to host the 1993 International Commission on Mathematics Instruc- 
tion’s study of Gender and Mathematics Education. 

Members of our network who work in schools and schools of education have 
helped to disseminate information about research results on gender and mathe- 
matics as well as examples of successful intervention projects in the schc'jol system. 
Teachers have been provided a forum for discussing the issue of whether Gender 
and Mathematics Education would be a suitable topic for examination in schools 
and teacher education. 



What Are the Benefits of ^ Network? 

Is it possible to achieve results by working together in a network? What arc the 
outcomes for women in mathematics? Several examples have already been 
mentioned in the discussion above. 

By creating contacts through the network, women have been able to use each 
other in their work as speakers, references, sources of information and inspiration. 
As mentioned above, women's work is often made invisible, but through the 
network members have been able to get to know about other women’s work. For 
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example, during the past year the doctoral theses of three women in the network 
have been sunmiarized in our newsletters, Together we work for greater equality; 
raised conseiousness about gender and mathematics, the development of the 
school mathematics eurriculum (Johansson. 1993). and improved textbooks and 
other print and resource materials (Olsson. 1993). 

Women must be permitted to contribute in mathematics and their perspective 
must be represented within the discipline and its organizing structures. There is 
practically no literature in Sweden about women and mathematics. The con- 
ference proceedings from the Women and Mathematics conferences are now being 
used as course literature by teacher education programmes at several universities. 
The network has put the issue of gender and mathematics education on the 
agenda. Through the network, women have been asked to participate and 
contribute to conferences (Emanuelsson a u/.. 1992. 1994) and working groups, 
as well as to the international exchange of ideas. Sweden has one of the most 
gender-segregated labour markets in Eurc^pe (Sweden Statistics, 1994). One reason 
for this may be that preparation in mathematics (and science) are prerequisites for 
engaging in many professions. So to open doors for women to the labour market, 
we need first to open doors for them to mathematics. 

The effect of the Women and Mathematics network is much stronger than we 
could have imagined when we began. It is like rings on the water after you have 
thrown in a stone. The results multiply and become important, not only for 
women, but also for men and for the discipline itself. 
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Claudie Solar, Louise Lafortime and HHaie Kayler 



Introduction 

1 he title of this chapter derives from the title of the 1992 publication (Lafortune 
and Kaylen 1992) of MOIFEM (Mouveiiient International pour les Femmes et 
rEnseignement des Mathematiques), the French-Canadian section of lOWME. 
Since its inception in 1985, MOIFEM has dedicated its activities to promoting 
women in mathematics, developing feminist approaches to the learning and 
teaching of mathematics (in order to attract and retain more women in 
mathematics and related subjects), demystifying mathematics, and establishing a 
French-speaking ‘women and mathematic/ network. Two conferences (Lafor- 
tune, 1986, 1989) were the first projects the group undertook. The conterences, 
designed to promote an understanding of women, mathematics, and mathematics 
education, generated three themes which recur in all our discussions and 
knowledge development: women and mathematics, the role ot aflbet in mathe- 
matics learning, and the demystification of mathematics. The understanding we 
developed through these conferences encouraged us to move from theory to 
practice in order to tackle the issue of teaching mathematics to women. This 
chapter describes the development of this more practical aspect of our work. 



‘Maths Without Myths’ 

‘Des maths sans les mythes' (that is, 'Maths Without Myths’) is the title of the 
workshop we designed for women involved both in the educational system and in 
women’s groups. Our aims were to sensitize women to the myths surrounding 
their mathematical abilities, to promote pedagogical approaches which are 
tavourable to women, and to develop a network ot women concerned about the 
status of women in mathematics. Obviously, the process of developing the 
objectives, content, approaches, and material, as well as the overall planning ut 
these workshops took much time and encrgy^ Some material was adapted from 
Lafortune (1990), others were deveU^ped specifically for the workshops; our 
feminist perspective on pedagogy' emerged fmm our various writings (Kayler and 
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Lafortunc, 1991; Solar, 1992) and troni our group debates. Before we began 
working with others, we had much work to do on ourselves — it was an exciting 
time for creativity and the sharing of knowledge. 

The publicity across Quebec was very successful and it was not long before 
the workshops were in high demand. We targeted people who either had direct 
contact with girls and women through the educational system, or vvea* playing an 
important role in shaping their academic or vocational orientations. The 
participants, a few of whom were men, were drawn in roughly equal numbers 
from the following groups: teachers at all levels of the educational system; 
counsellors, psychologists, special educators and students; students enrolled in 
adult-education courses, and members of women's groups and community' 
learning centres. 

Each workshop lasted a full day and the structure was adapted to suit the 
abilities of the tacilitators as well as the needs and characteristics of the participants. 
The day included five activities, chosen from a bank of rwenty'-thrcc, and aimed 
at exploring the three themes we had developed in analysing the status of women 
in mathematics. In the next section of this chapter we provide two examples from 
each of these areas. At the conclusion of each workshop, participants are provided 
with descriptions of all activities and asked to reflect on possible follow-up 
workshops they might conduct themselves within their own neworks, schools, or 
community groups. The purpose here is to promote further network develop- 
ment, as well as dissemination of the activities and approaches. 

The evaluations of the workshops, both formal and informal, indicate that 
they have been very successful. Some participants suggested that all teachers should 
undertake such professional development, while others said that they would use 
what they had learned to improve their own teaching. Still others claimed to have 
rediscovered mathematics and mentioned that they might go back to studying the 
subject. These comments, among others, have provided us with encouragement 
for continued work in the pursuit of equity for women in mathematics. 



Sample Activities 
Womv and Mathematics 

I'nc question d'inmqe (Lafortune and Kayler, 1992, p. 108) is an activity which 
begins by asking participants to draw a scientist at work. Once the drawings are 
finished, they are displayed on the wall and each participant describes his c^r her 
creation to the group. Following this, a discussion of popular stereotypes of 
mathematicians and scientists ensues. Experience has shens n that most drawings 
depict the scientist as male, although the possibility' of drawing a female scientist 
is explicitly suggested. People usually picture the scientist as a man with no social 
or emotional life, no concern for politics, working alone. He is often described as 
cold, objective, intellectually gifted, and sloppy. Such an image is not likely to 
attract females to scientific careers. Holmes and Silverman (1992), in their research 
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on Canadian teenagers, found that girls give significant consideration to their 
physical appearance and greatly value interpersonal relationships. Moreover, many 
of the drawings illustrate the scientist as having a head but no body, thus 
emphasizing the centrality of the mind, the separation of mind and body, and the 
association of mathematics and science with male intelligence, 

Une histoire des nuUlimaticiennes (Lafortune and Kayler, 1992, p, 51) is an 
activity that challenges the view that there are no women in mathematics. The 
intent here is to raise awareness of the historical absence of women, be it in 
mathematics or in any other field. First participants arc asked to name scientists that 
they have heard about in the fields of mathematics, physics, chemistry or biology. 
After writing down the names, the small number, or total absence, of women on 
the list is readily apparent. To focilitate these sessions, we developed an educational 
poster which portrays women mathematicians of the past (Hypatia, Maria Gaetana 
Agnesi, Mary Fairfax-Sommerville, Sonya Kovaleskaya, Grace Chisholm Young 
and Emmy Noether), as well as those of the future (illustrated by five girls doing 
mathematics at school). The function of this representation is to help focus the 
discussion on the paucity of women in science, the reasons for their absence, and 
the manner in which society functions to exclude women from participating in 
mathematics. Information is then provided about the lives of several women 
mathematicians, stressing the diffieulties they encountered in pursuing their 
chosen profession. 



in Mathematics Ixarnin}^ 

Renmemiaiiniies (Lafortune and Kayler, 1992, p. 142) begins with a brainstorming 
session centred on how participants feel about mathematics. The emotions arc 
recorded and categorized as either negative or positive in nature, for instance, 
discomfort, fear, anxiety, frustration, and annoyance, or satisfaction, pleasure, joy, 
and confidence. Following this, the same strategy' can be applied to specific topics 
of mathematics such as trigonometry, eoniputation, probability, geometry, caleu- 
lus, equations, graphs, functions or integrals. Alternatively, sheets of paper, each 
identifying a single topic of mathematics, can be displayed on the walls. 
Participants move around the room recording their feelings about each topic. The 
facilitator then discusses the words used and encourages a general deliberation on 
the role of affeet and feelings in learning mathematics. This activity serves to 
validate the presence of emotion while learning mathematics, and reveals that the 
feelings involved are not all negative, nor all positive, but vary according to the 
individual and the specific area of the diseipline involved. 

/’iimic, pas (Lafortune and Kayler. 1992, p. 123) is another activity 

dealing with affeet and mathematics. Numerous strategies can be employed. One 
of them entails having participants fill out a questionnaire on their opinions and 
attitudes towards mathematics. The questions are evenly distributed among three 
aspects: difficulty in learning mathematics, the value of mathematics, and the 
pleasure of doing mathematics. Once the participants have calculated their attitude 
scores, they are collected anonymously in order to provide a group portrait. In this 
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way, it becomes possible to show that there are a varict\' of attitudes among 
participants. The ensuing discussion focuses on what participants have discovered, 
the differences in their viewpoints, and more generally, on the training they have 
received in mathematics, what they like or dislike about mathematics, how useful 
they perceive it to be. and what areas they find easy or difficult. 



Demystification of Mathematics 

An example of the kind of activity \s'e use to demystify mathematics is .dnfonr du 
ccrclc (Lafortune and Kayler, 1992. p. 102). the popular method of helping students 
develop an understanding of K and how it relates to the circumference of the circle. 
(Participants measure the perimeter and diameter of the tops of various circular 
objects and perform appropriate calculations to obtain an approximation of 7C.) 
This activity serves to communicate the meaning of K in concrete terms. 
Thereafter, the participants can discuss the nature of mathematics as a science 
developed by human beings, its use. how it is learned, and its history Through this 
process, awareness of the significance of mathematics and the meaningless way in 
which it is often taught arc highlighted. 

Another activity in this area is Lx jo^^^fin^^ mathewatique (Lafortune and Kayler, 
1992, p. 98). In contrast with those presented thus far, this particular activity is 
conducted over a period of time, for gradual build-up and regular repetition are 
essential. Its aim is to communicate the notion that learning mathematics does not 
require any particular gifts, rather the proper training and practice. The activity is 
conducted either at the beginning or at the end of each activity session. 
Participants are required to answer several types of questions using a definition, a 
symbol, an estimate, or the result of mental calculation. The questions begin 
simply and gradually become more difficult. At first, the workshop leader 
formulates the questions, but soon the women themselves can be encouraged to 
suggest questions. In this way, women gain confidence in both the answering and 
the problem-posing components of the activity. We encourage participants to keep 
track of their results so that they can observe improvement in their scores and thus 
see the bene tits of practice. In conducting this activity, it is important not to 
cmph,isize speed. Emphasizing speed can place participant*' ader great stress, ,is 
well as increase their sense of failure and lower their self-e^ 'in. Speed is not the 
goal of this activity. Time limits should be used cautiously only to illustrate one 
possible desirable outcome of successful training. After participating in this activity, 
one woman stated: '1 feel more intelligent. When people talk about numbers, I 
panic less and less, for even though I am slower than others. 1 succeed in having 
a fiir idea of what the result should be.' 
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Conclusion 

This project has alloWcd us not only to develop, test and refine our workshop 
activities, but also to produce other types of material. For example, wc have 
designed four pedagogical posters dealing with various aspects of mathematics: one 
on the *ups and downs', the emotions involved in learning mathematics; one on 
women mathematicians, past and present; one on being mathematically gifted; and 
one on mathematical formulas and symbols related to real-life situations. In 
addition to these four creative endeavours, designed for use in training sessions, we 
produced another poster to promote women in mathematics as well as MOIFEM. 
It displays forty-nine photographs of women demonstrating that they participate 
in mathematics and evokes the image that there are infinitely many women ‘doing’ 
mathematics. 

We conclude by giving a brief description of our current and proposed 
projects. Following the workshops, we studied the manner in which women ‘do' 
mathematics in their lives, thus approaching a feminist critique of the discipline. 
Wc have examined how mathematics is involved in traditionally female activities 
such IS lace-making, macrame, and quilting (Barrette and Lafortunc, 1994). We 
have further refined our description of feminist pedagogy by presenting teachers 
with case studies of girls in high school and analysing their reactions (Solar, 1994). 
Wc have also re-examined the research on sex-related differences in the area of 
spatial visualization (Pallascio, 1994) and explored the way Inuit women use 
mathematics and teach it to their offspring (Paquin and Oovaut Piitayuk, 1994). 
We have studied how mathematics is used in qualitative and quantitative research, 
including feminist research (Lafortunc, 1994). Finally, we have used the testimony 
of women mathematicians to discuss their experiences with mathematical 
processes (Kaylcr and Caron, 1994). (For a detailed account of all these pursuits see 
Solar, 1994 and Lafortunc, 1994). 
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‘Girls and Computers’: Making 
Teachers Aware of the Problems 



Cornelia Niederdrenk-Fel^ner 



Introduction 

'Girls and Computers' is the title ot a project, undertaken by the German Institute 
for Distance Education, to develop study materials for the in-service training of 
teachers who wish to use computers in their teaching in areas such as mathematics, 
writing, and social studies. At the same time, the matei ial will be of use to teachers 
of a course, 'Basic Education in Information Technology', now commonly taught 
in all parts of Germany. * 

Our starting point is the well-known tact that there are gender diflerences in 
how young people use and approach computers. In recent years, various studies 
and action research on gender issues in the use ot computers have been published 
in Germany (see for example, Faulstich-Wieland and Dick, 1989; Heppner, 
Osterhoff and Schiersmann, 1990). The 'Girls and Computers' project is based on 
these findings with the aim of changing the classroom experience, primarily by 
changing teacher behaviour, in order to give more emphasis to tlie competencies 
and interests of girls. 

The place of computers in the classroom is a topic of much discussion among 
mathematics educators. However, gender issues has been neglected in the Cierman 
discussion (see, for example, Kaiser-Messmer, 1989). When computers are used in 
teaching mathematics or other school subjects, gender differences become very 
obvious, and our hope is that by discussing gendei issues in relation to girls and 
computers, we will call attention as well to the causes of gender differenees in 
mathematics. 



Clauses of Gender DifFerences 

In the context we considered relevant for our project, the following appear to be 
the most important reasons for gender differences. First, then' are marked 
differences in the ways boys and girls are brought up in Germany and, 
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consequently, also in their .lAiptation to societal expectations and requirements as 
manifested through the education system. The development of young people is 
influenced in a variety of ways by sex-role stereotypes. Research with school 
children (Horstkemper. 1987) has shown that girls tend to be significantly less 
aware than boys of the potential of their abilities and skills, even though their 
school performance is significantly superior to that of boys. Schoolgirls who do 
well tend to think that they have ‘just been lucky’, rather than ascribing it to their 
own ability. When confronted with a school environment that is dominated by 
males and masculine values, girls tend to underestimate and give second place to 
their own abilities and skills, rather than demonstrate them with confidence. Males 
define the knowledge that is worth being taught, ‘masculine’ interests rate higher 
than ‘feminine* ones, and boys receive more attention in the classroom than girls 
(Enders-Dragasser and Fuchs. 1989), As far as the teaching of mathematics is 
concerned. Srocke (1989) has demonstrated very clearly the extent to which the 
content and presentation of this subject have been modelled on ‘masculine’ 
orientations. 

To make matters worse, teenage girls find themselves confronted with 
contradictory expectations. They are expected to plan their lives so as to combine 
the requirements of whatever occupation, vocation or profession they choose, 
with those of ‘feminmity’ (Horstkemper. 1990). but the qualities that are required 
for success in a career (that is. the ability to achieve one’s own objectives, ‘rational’ 
approaches) are not valued higlily and are not accepted easily from \ omen. In 
many occupations and professions, particularly those from which women have 
been traditionally excluded, women are now confronted with standards and norms 
that have been defined exclusively by men. AH these factors provide an additional 
disadvantage to girls and young women in defining their own ‘female’ or 
feminine’ identity (Hurrelmann, 1991). 

Second, established sex-role stereotypes in German society betray a strong 
connection between technology and ‘masculinity’ on the one hand, and 
incompatibility between technology and ‘femininity’ on the other. This means 
that, since women are considered incapable of coping with technology' and 
technical appliances, when it is evident that the opposite is true, such women are 
labelled ‘not really feminine’. The relationship between women and technology 
IS always defined in terms of failure to conform to a standard that has been set by 
men. A lack of skill or interest in technical or technological matters is regarded as 
a ‘feminine deficit’, competence and interest in these matters as a non-feminine 
deviance from an expected sex-role stereotype, whereas a more neutral view is 
taken in both cases for males. A widespread belief that men are the ‘developers’ 
and women the ‘users’ of technology prevails (Faulstieh-Wieland, 1990). And 
this *di\ isu n of labour’ adds an additional dimension to the problems already 
outlined. 



Coruclia Nicderdrctik-Fclj^ficr 
The Problem 



The ‘Girls and Computers’ project is very different from other German in-service 
teacher-training projects, both those designed to address specific school subjects, 
such as mathematics, and those designed to address issues, for example, pupil- 
teacher interaction. The problem we face in dealing with the issue of girls and 
computers is that most teachers arc not even aware there is a problem. 

Sex-role stereotypes are not confined only to students, but arc also evident in 
the minds of teachers of both sexes and influence their behaviour. Their 
interactions with young people and their difterent expectations of boys and girls 
are strongly influenced by ideas on what males and females ‘should be doing. 
Young people, in turn, are influenced by their teachers’ behaviour. They ‘learn’ 
to behave in conformity with gendered e.xpectntions. This vicious cycle can only 
be eftl'ctively broken by changing teacher behaviour. 

There is no point, however, in simply demanding a change. Teachers have to 
be convinced, first of all, of the need for change. In addition they should be 
provided with opportuniiies to check, understand and modify their behaviour. 
This is a difficult matter to address because it is also a highly emotional one. 
Teacher groups that arc predominantly male, as in the case of mathematics 
teachers, tend to avoid, or even be hostile to, confronting this question. Even the 
findings of serious academic research are discredited as irrelevant, with the claim 
that an ‘abstract’ subject like mathematics leaves no room for discrimination against 
females. On the other hand, making the observation that the same patterns of 
gender-specific behaviour occur between male and female teachers in teacher- 
training seminars, has led to interesting discussions with participants talking about 
issues that concern them personally. 



The ‘Girls and Computers’ Study Material 

Our teacher-training materials are designed for use in a variety of subject areas 
including mathematics, computer studies, German and social studies. They 
include a ‘Basic Information' unit (Niederdrenk-Felgner, 1993) including back- 
ground information on factors influencing the decelopment of students skills and 
abilities during adolescence, and other units, to be published in the next couple 
of years, which exemplify ‘girl-friendly’ lesson plans and ideas for classroom 
act ivities which involve computers, some of them accompanied by software. 

The ‘Basic Information’ unit is based, wherever possible, on concrete 
ex.'mples. The idea is to sharpen teachers’ awareness, and to highlight concrete 
situations where teachers and pupils display ‘gender-specific’ behaviour. Bearing 
in mind that teachers have their own personal beliefs and explanations, their own 
‘subjective theories' about problems, each chapter begins with a case study — a 
description of a real classroom situation, or a relevant quotation — followed by 
questions. In this way, teachers are encouraged to explore various aspects of the 
case study and to formulate appropriate strategies for taking action. A variety of 
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questions are included to assist teachers in exploring the case studies and later 
sections in the text refer back to some of these questions^ answering them where 
possible. A different type of question encourages readers to reflect on their own 
classroom situation and make their own observations. This may include assign- 
ments, like determining the number of male and female mathematics teachers at 
one’s own school, or analysing school textbooks for examples of cliches and sex- 
role stereotypes. The idea is to enable readers, wherever possible, to make their 
own assessment of problems and to verify facts that have been cited in the text. 
Rather than being mere consumers of the text, readers are encouraged to check 
and seek out opportunities for change in their own schools. 

Another important aspect of our methodology is to encourage teachers to take 
the personal experiences of their own pupils into account. The material contains 
sample essays for analysis. For example, essays on the topic ‘A normal working day 
when I am 30 years old’, written in test classes, show very clearly the difference 
between boys’ and girls’ perspectives in planning their futures, and the extent to 
which their ideas are based on cliches and stereotypes. Another essay, entitled 
'What I have done with a computer. Why I enjoyed it/ did not enjoy it’, gives 
teachers an idea of the extent to which pupils in a beginners’ class have computer 
experience. At the same time, these essays reveal the expectations, attitudes, ind, 
in some cases, fears of girls and boys. Teachers ar< mcouraged to ask their own 
p noils to write similar essays and to start similar discussions in their own classes. 

In the section on classroom activities, we point out why merely reorganizing 
classes, for example by separating boys and girls, is no reniedy in itself However, 
we also point out how, at certain stages and when combined with discussion of the 
pros and cons of coeducation, temporary instruction in gender-separate groups 
may be a productive stimulus for non -stereotypical classroom behaviour. 



What We Are Hoping to Achieve 

The ideas on which this material is ba'^ed have already been tried out in seminars 
for practising teachers. These were attended by teachers who had specifically 
applied to participate in a 'Girls and Computers’ seminar although many of them 
were initially quite sceptical, believing, for example, that there was nothing 
unusual in the way males and females are presented in school textbooks, despite 
the obvious evidence to the contrary (men/boys appear much more frequently and 
in more interesting contexts than wonien/girls). It was only after some discussion 
that these participants were prepared to admit the existence of differences and the 
implications. 

As we had expected, all participants claimed that there was no difl'erence in 
the way they treated boys and girls in their own classroom, or at least that they did 
not intend tn make any significant distinction in their student interactions. 
Presenting the teachers with the findings of research projects was int sufficiently 
convincing. What was much more effective was involving them in a classroom 
observation and follow-up analysis of an actual lesson that took place during the 
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seminar. By the end of the seminar, all participants understood why the issue was 
important, and were prepared to reconsider their cw'n classroom behaviour. 

Our material is also intended for use in the context of vocational training of 
young women in technical occupations. Our ultimate hope is that this type of 
approach will contribute to long-term changes and improvements of attitudes. 



Note 

1 ! wish to thank Lothar Letsche and Helga Krahn, the other nieiiibers of the project 

team, for their helpful and constructive coninients and discussions. Lothar Letsche 
provided the English-language version of this chapter. 
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Chapter 9 



Common Threads: Perceptions of 
Mathematics Education and the 
Traditional Work of Women 



Mary Harris 



Introduction 

‘Coininon Threads' was the name of a unique exhibition that began as a small oft- 
shoot ot a mathematics education project. The result of a passing remark by a 
committee member, the exhibition was researched, designed, and built by the 
project director, almost single-handedly, in her spare time. ‘Common Threads' wis 
about mathematics, that cerebral and stereotypically masculine discipline, yet all its 
exhibits were needlework, that practical and stereotypically feminine pursuit. By 
present' ng these two extremes in terms of each other, ‘Common Threads' 
demoiKcrated the wealth of mathematical thinking and skill that goes on within 
the very practices that traditionally mark their antithesis. 

The title ‘Common Threads' was a deliberate play on words chosen to 
illustrate the shades of meaning in the exhibition's message. Thus, the word 
‘common' was used in the sense of ordinary, everyday, as well as in the sense of being 
widespread. The word ‘threads' referred to the ydn/y of knitting, the silk of 
embroidery, the (grasses of a basket, and the warp and weft of weaving. But it also 
implied the developmental strands of mathematics, both the vertical paths through 
which an area of mathematics develops in depth, arid the horizontal links between 
various branches of die discipline. In keeping with the cloth analogy, ‘(?ommon 
Threads' represented a seamless robe of mathematical activity within a very 
ordinary part of anyone's daily life, anywhere on earth. 

1 .'.e exhibition was originally displayed for just one week, howes'cr, its impact 
during that week was such that it subsequently toured England for a period of two 
years. In response to international interest, two copies of a new version were later 
created by the Britisli Council, and these travelled to more than twenty countries 
in Europe, Africa, Australasia and America over a period of four years. During its 
tours, ‘Common Threads' has stimulated curriculum development in school 
mathematics, cross-('urricular work from elementary to tertiary levels, vocational 
work in formal and informal settings, ethno-mathematics research, and pro- 
grammes in women's development. 
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Two Exhibitions 

The new version of ‘Common Threads' was substantially different from its 
predecessor, although the original title was retained. For the sake of clarity in this 
chapter, the original will be referred to as ‘Common Threads 1\ and the 
redesigned versions will be termed ‘Common Threads 2 . 

‘Common Threads V was designed and created by the project ‘Maths in 
'Vork’ which I directed from 1981 until its completion in 1991. It w, an 
eaacator’s homemade exhibition, the outcome of a particular perspective in 
mathematics education discussed in more detail below. ‘Common Threads V 
consisted of five sections: symmetry, number, creativity, information tiandling, and 
problem-solving. The symmetry section, which set the tone for mathematical 
continuity in breadth and depth throughout the entire exhibition, was developed 
mathematically through panels explaining the ways in which mathematicians think 
of space, including references to symmetry and transformations. It began with a 
piece of cross-stitch embroidery that I had purchased in a craft market while on 
holiday in the former Yugoslavia. I illustrated the processes whereby an 
embroiderer develops mathematical symmetry on cloth used like graph paper, by 
making a set of small embroidered panels stopped at different stages of the design 
development. My comments as to how I, the embroiderer, had built up the 
patterns formed the captions, and I placed mirrors beside the exhibit so that 
visitors could explore the design stages for themselves. I illustrated strip patterns 
using hair ribbons and pieces of upholstery trimming, and the section ended with 
a mathematical description of the wall-paper patterns shown on dress materials and 
a Turkish kilim rug. The concept of symmetry was not confined to this section, 
however, but overlapped with the other areas to demonstrate its significance 
throughout mathematics. For example, the number section, primarily illustrated 
through knitted objects, contained Aran and Fairisle sweaters whose symmetrical 
designs were analysed in terms of number groups. 

‘Common Threads 1’ broke new ground as a learning resource, but, as I was 
later to discover, it also broke at least two rules of exhibition design. First, since 
cloth is tactile and inviting, it never occurred to me to say ‘Do Not Touch'; on 
the contrary, I intended the materials to be touched. I also provided a table with 
graph paper, pencils, and other materials people find helpful when doing 
mathematics. In the event, nothing was damaged or stolen, indeed as the 
exhibition toured, people sometimes even added to it. Evidentl/, the exhibit was 
treated with affection as well as with respect, and it sometimes returned to base 
with artifacts carefully mended. 

Second, I did not know the received wisdom on captions in the field of 
professional exhibition design. Since the purpose of my captions was to offer 
mathematical explanation of what transpired in the making of the cloth items, I 
wrote them of a length necessary to do just that. In order to make the captions 
comfot table to read, 1 did place text and diagrams in inviting ways, but it never 
occurred to mo to limit their length. In 'the case ofthc symmetry section, for example, 
some of :he captions extended to whole panels. However, their effectiveness was 
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demonstrated by the classes who visited and revisited ‘Common Threads 1 ’ as part of 
their school work on transformation geometry. Members of the public also carefully 
referred to them, taking time to read, analyse, and understand. 

The two ‘Common Threads 2’ exhibitions were smaller, but dramatically 
more beautiful, and built specifically for overseas touring by professional designers 
from the British Council Exhibitions Department. An immediately obvious 
difference between ‘Common Threads 2’ and the original exhibition, apart from 
the professionalism of the design, was that all the tactile materials were now behind 
perspex. More subtle, however, was that the captions of ‘Conmion Threads 2' 
demonstrated a perception of matheniatics education that differed from the 
original. Not only was the matheniatics content considerably reduced on aesthetic 
grounds (‘Common Threads T captions were far too long!), but the designers felt 
that the general public would not be able to cope with the depth of mathematics 
explanations originally offered. The combination of the reduced captions and the 
spectacular cloth the new designers produced effectively fragmented the exhibit. 
1 hus, although there was still some ovx'rlap between the new sections ofsyinnietry 
geometry, number, and codes, overdl there was much less mathematics and it was 
presented at a more superficial anc disjointed level. Whereas ‘Common Threads 
r had been an interweaving of matheniatics and cloth. ‘Common Threads 2’ was 
cloth with mathematical coninicnt. The view of matheniatics as low le\'cl, 
disconnected, and mainly arithmetical techniques applied to various situations, is 
already the predominant public perception and ‘Common Threads 2' was made 
to fit it. In addition, design considerations now took priority owr educational 
oiv and the exhibition was no longer mine. The professional understanding of 
matheniatics as a process which the exhibition was originally intended to eomey 
had slipped away, and I was forced to devise support materials to enable ‘Common 
Threads 2* to be used in the same way that I had used the original exhibition. 



Work as a Resource 

The project that generated ‘Common Threads \\ ‘Maths in Work', wis designed 
to investigate the skills new scliool leavers employed in their first jobs. By means 
of a questionnaire survey, the idea was to use the data generated to monitor the 
effectiveness of a new secondary school-ieavers’ course, as well as a source of 
realistic learning materials for schools. A problem I struggled with, as project 
director, was how to reconcile behavioural data generated by a vocationally 
oriented piece of research with my constructivist philosophy of school- 
mathematics education. I have discussed this issue in detail elsewhere (Harris, 
1991). Sufrice it to say that, the experience of analysing the data, and of finding 
more mathematics in the answers to questions that irnr notdhoin inatliematics than 
in answers to questions that eventually led me to abandon tlie researcli data 
as a true picture of mathematics in the workplace. I replaced it with my own 
participatory observations which, in turn, led to a completi* retliinking of the 
learning materials I was to produce. 
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A feature of the research questionnaires was that the questions generated two 
sorts of response, a numerical frequency score of often a particular skill was used 
and a description of the (C)nfc.vf 5 in which frequently used skills were used. The 
item about context was included as a check that the worker had understood the 
question. By analysing this context data in addition to the skills frequency results, 
it was clear that workers were using many mathematics skills in their work 
although they might not admit to it when asked directly. For example, the 
hairdressers in the sample, when asked how they used ratio and proportion in their 
work, denied using them. However, when asked about how’ often they mixed 
substances, they explained that it is essential to mix hair dyes in the correct 
proportions otherwise a customer’s hair could be damaged. 

Two aspects of this and of many other similar responses were significant. First, 
there seemed to be a general negative attitude towards school mathematics. Many 
of the young workers had not enjoyed their school experience of mathematics and 
tended to respond negatively to the questionnaire as though they viewed it as a test. 
Second, they often did not connect w'hat they did at work with what they had 
done at school, nor did they expect to. The demonstrable understanding of 
proportion in a practical situation displayed by the hairdressers raised no 
connection in their minds with the algorithms of school mathematics. Many 
examples of this phenomenon led me to think that mathematics at work only 
becomes mathematics when workers think they cannot do it. 

It was this distorting emphasis on skills as a picture of mathematics in the 
workplace that caused me to abandon analysing the skills data and instead to take 
to the workplace myself Since negative attitudes to mathematics are so wide- 
spread, I tried not to mention the word ’mathematics’ at all when asking my fellow 
workers about their w'ork place problems. People love talking about their problems 
and it was very interesting to note that the resolution ne.irly always contained some 
mathematical thinking, though often not of a sort included on the skills list ot 
researchers in the area of mathematics and work. 

The assumption that mathematics in the workplace at this level is wholly 
arithmetical is widespread, it appears, for instance, in the Cockcrott Report (1982) 
in the chapter on workplace mathematics, where almost every use ot the word 
’mathematics’ actually means 'arithmetic*. Ot course, underlying assumptions 
invariably condition the answers to questions. Actually doing the work, rather than 
asking questions about it from a preconceived standpoint, reveals a mucli broader 
picture. 

If you are a scaffolding rigger, ycui dcMi’t do any calcul.iting while you are 
rigging (and wouldn’t Cockcroft say therefore that riggers don’t use 
much m.iths?). But if ycni ha\cn’t grown tlie calibrated eyeball that knows 
about stresses and load bearing and bracing and momenis and estimating 
lengths and interpreting plans you won’t last long as a rigger, nor will the 
person below you. (Harris, 198.S, p. 44) 

The s,une applies to cardboard bc^\ makers: 
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The processes that a designer of cardboard boxes, or a designer of anything 
else, works through are those that a mathematical problem solver goes 
through. They start by researching the topic, exploring the parameters, 
then doodling . . . before going on to choosing what seems like a good 
way, exploring it, refining it, rejecting it if it doesn’t work and eventually 
coming up with something satisfactory. I would argue that these processes 
generalise to other problematical situations whereas the specific skills 
maybe don’t Just because they arc specific . . . (Harris, 1985, p, 44) 

The key is to ask questions not about mathematics skills on the Job, but about 
workplace problems, for ‘by asking questions about where the gremlins usually 
strike, you get not only a true picture of what life is like but many examples of the 
problematical situations which demand the real thought rather than the routine 
calculations which don’t' (Harris, 1985, p. 45). 

As my experiences as a worker grew, I came to viewjob sites as ‘resources' for 
mathematical thinking instead of ‘destinations’ for the application of mathematics 
learned in school, a complete reversal of the accepted practice. The implications 
of this view for the design of teaching materials were also uncompromising. At that 
time, learning materials for mathematics at the school-work interface were of a 
particular kind. Typically, they took a skill, often something that had caused pupils 
and teachers considerable pain over a number of years, such as the addition of 
fractions, and then demonstrated the use of those skilb at work. The assumption 
was that by placing the skill in context, the pupil would see the necessity of 
lear:.,..g it, as well as come to understand its use. The educational reality, however, 
was the presentation of a distorted, limited and limiting view of mathematics to 
a group of already disenchanted pupils. 

The authors of such materials may or may not derive their inspirations from 
real workplaces. If they did, they tended to edit out variables so as ) make the 
mathematical skill component of the question more salient. If they did not, they 
invented hypothetical workplace situations, again for the purpose of illustrating the 
mathematics. In cither case, the materials were not a true representation of reality, 
and the first people to recognize this were the pupils. Snice I had reversed this way 
of doing things, I had to find a way of working with the entire context of the 
w’orkplace as a generator of problems, not as a setting for the practice of isolated 
skills taught separately and then applied like a bandage to a wound. 



Perceptions of Mathematics Education 

The first pack of learning materials produced by the ‘Maths in Work' project began 
on the doors ot cardboard-box factories and generated a set of ‘di'sign and make' 
problems for mathematics teachers. It was called ‘Wrap it Up' and contained about 
twenty-five problems in a form that could not possibly be mistaken for a 
mathematics textbook. Each open-ended problem was presented with a minimum 
of instructions on a single sheet of paper. The format wms such that teachers could 
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select problems, and adapt them to the needs of their own students. In this way, 
the role of the teacher became one of professional educator as opposed to skills 
trainer. Because the problems were real, the materials did not talk down to 
anybody and there was no suggestion in either form or content that the work was 
low-level; indeed, the level was what the student wanted it to be. The pack proved 
so successful with teachers that I developed the model for other workplaces. 

The origin of the type of research and learning materials that I came to reject 
lies in the social history of the British mathematics curriculum. I refer, here, to a 
society so obsessed with social class, that it produced entirely different sorts of 
mathematics education for different pupils based on their societal standing (see, for 
e.xample, Williams, 1961, for a very readable account of this period). The legacy 
of liberal mathematics (which of course contained Euclid) for the upper classes of 
society, and utilitarian mathematics for the lower classes, can still be witnessed 
today in the disconnected skills included in the British National Curriculum and 
the debate that surrounded them (National Commission on Education, 1993). K 
is evident too in the manner in whieh companies recruit different groups of 
workers. At all levels, mathematics knowledge is still regarded as both a criterion 
of intelligence and a mark of the type of education a candidate has received. A 
company will recruit graduate mathematicians, not because it needs their 
mathematics, but because a mathematics degree is evidence of the ‘best sort of 
brain'. At the bottom end, ‘unskilled' jobs and the ‘basic skills’ of school arithmetic 
are virtually defined in terms of each other. In fact, the closeness of the relationship 
results in its being unquestioned and therefore reinforced by much of the research 
aimed at investigating it. 



Different perceptions of mathematics education have had diflerent effects at 
different times. A good review of five educational ideologies and their philosoph- 
ical foundations and implications is provided in Ernest (1991). In the 1970s, 
increased employer concern about the low attainment of school leavers stimulated 
research in this area. By the mid-198()s, twe^ primary concerns in mathematics 
education were centred on gender and ciikure. The research question at that time 
was ‘Why are so many girls and members of ethnic minorities outperformed in 
school mathematics by dominant culture boys?' In seeking to address this question 
through the materials I was developing for my second learning pack, I looked for 
something that was as ordinary as the cardboard of the first pack, but was 
particularly resonant with girls of any culture. 

C'loth is such a substance. It is so ordinary that it is taken for granted by those not 
in the textiles business. Everywhere in the world people wear clothes, and these arc 
usually produced by women at home or in a factory. In fact, the productive work ot 
women is of greatei- importance in the textiles industry than in any other trade 
(Holland, 1991). Work with textiles in all locations, and in most cultures, is 
thoroughly gendered. Thus, if I could demonstrate that the very medium which 
defines the lowly work of women worldwide is richly mathematical, then I could 
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explore a fresh perspective on gender, culture, and mathematics education. 

Work began on a resource pack using the same format as ‘Wrap it Up'. All 
the problems were taken from the textiles workplace, and as the work progressed, 
the ‘Maths in Work’ office began to fill with interesting cloth from all over the 
world. It was this collection that inspired the chance remark that led to the 
'Common Threads' exhibition. Research for the exhibition was an extension of 
the work already under way. As an experienced amateur needleworker myself, I 
already had practical experience regarding the mathematical basis of knitting, 
sewing and, weaving. Because I was also experienced in mathematics, it was a 
relatively simple matter to rework particular pieces of needlework using the 
techniques and materials of the original worker, while simultaneously bringing 
out the mathematical thought inherent in the design development. For example, 
adapting a knitcing pattern to produce a garment of an intended size and shape is 
entirely a matter of ratio; designing a decoration for a garment is a question of 
geometry and number manipulation; matrices form the mathematical foundation 
required for weaving. 

My lack of experience in the industrial sphere made research in this area both 
challenging and rewarding. It was here, however, that I was immediately 
confronted with the public perception of mathematics in 'unskilled' work as being 
nothing more than arithmetic. At almost every factory I visited, I was greeted with 
tirades against schools for not teaching long division, or by complaints that school 
leavers cannot multiply fractions. A visit to a tic factory was but one example and 
will serve to illustrate. On arrival at the factory and after the usual opening rounds, 
I was invited to look at some new soft\vare in the accounts department, the 
presumed destination of my visit. Only after a considerable amount of persuasion 
w,is I allowed to visit the cutting room. Here, I found workers manipulating the 
cloth from which ties were to be made, iO as to cut the three pattern pieces, 
without wasting any cloth, in such a way that the motifs on the finished articles 
would be horizontal and in the correct place. In direct contrast to school 
mathematics in which geometry is done on sheets of paper in portrait orientation 
(with triangles sitting firmly on their bases), the whole business of making ties is 
geometry for real at the odd angles of real life, demanding sophisticated mental and 
physical manipulation of spatial images and artifacts. Readers are invited to unpick 
a necktie and investigate this for themselves. 

At the opening of 'Common Threads', the enthusiasm was so great that it had 
to be kept in cheek for safety reasons. Schools had to be turned away because the 
gallery, which was also open to the public, was not big enough, and it was for this 
reason that the exhibition went on tour. Enthusiasm from members of the public 
was alsti marked. On one occasion, a child of about 4 years of age stood at the door, 
grabbing the hands of adults as they entered and insisting that they 'come and look 
at these lovely patterns'. An Indian acadeiruv, walking past the gallery on her way 
to a meeting, wa^ drawn to the exhibition by the mathematical analysis of the 
designs on the hem of her sari. 

C')nce on tour, enthusiasm continued. Schools, craft workers, and passing 
visitors worked in concert to add local colour, and a number of cross-curricular 
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projects were taken up within the schools. In one location, some lace makers 
complained that there was not enough lace in the exhibition and, in response, 
brought their own work to the exhibition and performed live demonstrations. At 
the end of one working day, they left their equipment on the table despite 
warnings that children would touch. Their response was ‘Of course. How else will 
they learn?’ 

As ‘Common Threads V toured, it became clear that it did respond to the 
issues it was designed to address. It raised the confidence of female pupils and 
teachers by confirming the nature and ext?nt of the mathematics in ‘their’ work. 
It confirmed the traditional narrowness of school teaching and textbooks, and 
exposed the gendered nature of the examples they offer. No longer was it possible 
to deny the richness of mathematics that exists within the cultures of children who 
were not achieving highly in school mathematics. The question ‘Why are so many 
girls and members of ethnic minorities outperformed in school mathematics by 
dominant culture boys?’ changed to ‘Why is school mathematics still so narrow- 
minded?’ 

The results of the tour and this change in questioning were reported in 1988 
at ICME-6 in Budapest where they attracted the attention of delegates from a 
number of countries, notably Australia and New Zealand. It was requests, by 
educators from these countries, to borrow ‘Common Threads’ that led the British 
Council to take the imaginative leap of redesigning ‘Common Threads' and taking 
it on tour. 



*Commoti llirvads 2' and the Overseas Tour 

The two copies of ‘Common Threads 2’ began touring at the end cf 1990, one 
in Denmark, and the other in Turkey. After Denmark, the first eopy went on to 
Norway and then south to Nigeria. After Cameroon, Uganda, Malawi, Kenya, 
Zimbabwe, Botswana, Lesotho, and Swaziland, its journey concluded in Tanzania. 
The second copy headed south-east from Turkey, to Thailand, Malaysia, 
Singapore, Australia, and New Zealand, after which it crossed the Pacific to Brazil 
and finally Canada. 

Limitations of space do not allow for a detailed elaboration of the variety of 
work associated with the ‘Common Threads 2' tours. The ways in which it has 
been used have depended on both the educational policies and the perceptions of 
its hosts. Gender and mathematics issues are a matter of culture and vary from 
country to country, including those in which their existence is officially denied. 
When ‘Common Threads 2' was provided to the mathematics education 
community of a particular country, it acted cither as a resource for work already 
in progress, or as a stimulus for new investigations. For example, in Botswana, tlie 
university collaborated with the British Council in developing a series of 
programmes for schools, and eventually a book of cross-curricular activities based 
on Botswanan culture (British ('ouncil, 1993) which was distributed to every 
secondary school in the country. In Thailand, an exhibition of Thai textiles, 
complete with their own captions, was designed and set up alongside ‘C!ommon 
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Threads T in two locations, a department store and an annual conference of 
mathematics and science teachers. This heightened awareness of the local 
environment as a resource for learning, and has resulted in a textiles and 
mathematics display at every annual teachers' conference in Thailand since the 
time of the original exhibition. 



Discussion 

The very n:‘‘'V4re of academic work divides and isolates studies that ought to be 
allowed to cross fertilize. The effectively separate histories of women’s education, 
te.xtiles work, and mathematics education make interesting parallel reading (Alic, 
1986; Boyer, 1989; Parker, 1984). Parker, in her book The Subversive Stitch (1984), 
e.xplores and interprets the processes whereby embroidery, the highly respected 
medieval art of both men and women, was down-graded to a craft, hierarchically 
gendered through power-brokering and social control, to the point where 
embroidery became almost a genetic characteristic of nineteenth century' feminin- 
ity. The first use of embroidery in the curriculum was to differentiate girls' 
education from that of boys', a means whereby girls could be educated without 
posing a threat to boys. By the late nineteenth century, its place in the curriculum 
had become vocational needlework for domescic service, handwork for the nimble 
fingers and feeble brains of girls, and an appropriate educational alternative to the 
difficult sums provided for boys. 

Surrounding the history of embroidery is the story of how women's work was 
down-graded, deskilled, underpaid, and exploited through processes of differ- 
entiation, marginalization, exclusion, segregation, and subordination (Holland, 
1991). As female employment moved from the home to the factory, the sexual 
division of labour also transferred, ensuring that women remained hierarchically 
subordinate in the labour market. Within the work environment, gender hierarchy 
is maintained through technological adv.inces; men maintain control over the 
processes and know-how, while women operate the machinery with no idea of 
how it works. This process of gendering produces extremes whose immoralits' is 
masked by their slicer stupidity. In one factory I visited while researching 
‘Common Threads 1', a mom full of workers m.ichined children's clothes swiftly 
and accurately, maintaining parallel lines and curves on the small pieces of cloth. 
In the next room, other workers picked off the fluff that accumulated on machines 
knitting socks. The uni(Mi classification of the Jobs were 'skilled' for the fluff 
pickers who were white men, and ‘unskilled' for the machinist'^ who were Asian 
women. 

In the field I'lf mathematics education, the seminal work of Walkerdine ainl her 
colleagues details the processes whereby girls are ‘gendcicd out' of achievement m 
mathematics (Walkerdine, 1989). The forces that ease women and girls out of high 
achievement in mathematics, the forces that maintain mathematics as a male 
domain, the fones that stereotype particular activities as women's, and the forces 
that label tlu^se activities trivial and brainless arc one and the same. In my own 



Mary Harris 



work, I have seen male mathematics teachers refuse to work with textiles in a 
mathematics workshop because, as ‘women's work', they found it degrading. I 
have female colleagues in mathematics education who retuse to do needlework, 
not because they do not like it, but because of the connotations it has as feminine, 
trivial and time-wasting. Both perspectives are equally prejudiced. 

Public perceptions are hard to shift. It is difficult not to see things in a 
gendered fashion when they are so prevalent in our culture. If the public perceive 
mathematics as a male subject in spite ot the es idence to the contrary, then it will 
take at least a generation of education to change it. As Willis (1989) points out, 
'Since we do not aw,ird prizes for low levels ot achievement, boys over- 
representation amongst the mathematically least able does not receive much media 
or educational coverage' (Willis, 1989, p. 14). 

The damaging differences in perceptions a^ to what matheiit.uics education is 
about, both inside and outside the profession, should be more tractable from 
within. A largely undiscussed problem in mathematics education is that mathe- 
matics communicates mainly with itself. In England, for example, we still have not 
grasped that the public's perception of mathematics education, the one that 
ultimately has political power o\er the discipline, is totally different trom its own 
(Harris, 1989). There have been programmes attempting to popularize mathe- 
matics, tekH’ision programmes of mathematical fun and games, we h,ive even 
improved participation rates and grades in school, but we have achieved very little 
movement amongst the power groups of go\ernment and industry who control 
education ,md the curriculum and who 'are raucously engaged in demanding a 
different scenario from the one we are oftering' (Harris, 1989, p. 18). A siege 
ment,ilir\’ within mathematics education is not the way to get things changed. 

The greatest general effect of both 'Common Threads' exhibitions was that 
they communicated widely outside mathematics education as well as inside it. 
There is no doubt that they did change perceptions. Their main message, however, 
was that the very stereowpe that currently limits women m both mathematics and 
work can be used as a weapon for their emancipation by the recognition, 
development, and accreditation of the power totd that already exi\tN within. 
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Part 2 

The Cultural Context 



The chapters in this part of the book provide a cross -cultural perspective on the 
discussion of equity in mathematics education. We have grouped the chapters in 
two sections according to whether they are based on comparative research or focus 
on particular issues within a single country. The chapters in the first group explore 
differences either among several cultures or among several ethnic groups within a 
single culture. The second group of chapters pro\*ide a perspective on the current 
situation in several countries across the world. Taken together, these papers 
challenge monocultural assumptions underlying previous intervention approaches 
and question their suitability outside the culture in which they were developed. 
Several also question the relevancy, given local circumstances, of maintaining a 
concern for equity' in mathematics education. 

A comparison of the cultural influences contributing to gender diflerences in 
learning mathematics 'vithin different cultures is the focus of the chapter by 
Gurcharn Singh Kaelcy. He observes that the developing world witnesses a greater 
disparity in the education of both sexes than is apparent in the developed world, 
where gender differences favouring boys have by and large disappeared, at least in 
the compulsory years of schooling. By contrast, he points to the situation in certain 
matrilineal societies where females achie\*e the same or better mathematics results 
than their male counterparts. Hawai'i is the only state in the US in which gender 
differences in mathematics favour girls. Paul Brandon, Cathie Jordan and Terry 
Ann Higa analyse the reasons for this phenomenon by examining the different 
ethnic groiips within Hawai'i. Several factors are suggested, among them, differing 
adaptation to Hawai'i by male and by female immigrants, differential sehool 
compliance, and the differential impact of peer culture among boys and girls of 
native Hawaiian ancestry. In the same vein, Sharleen Forbes examines gender 
differences in mathematics performance between the two different ethnic groups 
in New Zealand. She reports that the average performance of Maori girls is lower 
than that of the Maori boys, whereas for girls and boys of European origin the 
average performance is the same. It appears that strategics to increase the 
participation and achievement of girls in mathematics in New Zealand have had 
a positive impac't on girls of European descent, but have not met the needs of 
Maori girls. This group ot chapters concludes with a study, by Ciilah Leder, of the 
influences of the print media on gender differences in learning mathematics. 
Focusing on print media in two ostensibly similar countries, Australia and Canada, 
Leder distinguishes among the media images using feminist and societal- 
psychological lenses. vShe concludes that subtle messages conveyed by the popular 
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press are consistent with small but persistent difterenees in the ways females and 
males perceive and value mathematics. 

A strong challenge to monocultural perspectives on equity in mathematics 
education begins the second group of chapters in this part of the book, Saleha 
Naghnii Habibullah piesents a personal view of the issues in which she questions 
whether equiw in mathematics education is an appropriate goal in a developing 
country. Even were it so, she challenges the assumption that western strategies for 
overcoming gender inequities would be equally effective in non-western societies. 
In her opinion, there is a direct link between a country's socio-cultural conditions 
and the manner in which its people perceive and react to the issue of gender 
imbalance. Consequently, for many years to come, short-term goals and strategies 
for educational improvement will have to vary between countries according to 
economic conditions and socio-cultural realities. 

The remaining chapters in this section describe the situation in a single country 
and emphasize the influence of the cultural context on the learning of mathematics. 
Berinderjeet Kaur surveys the available empirical research documenting gender 
differences favouring boys in mathematics achievement and attitudes in Singapore, 
Neela Sukthankar investigates the cultural issues affecting the women's education in 
Papua New Guinea, She describes the disadvantages girls endure as a result of low 
enrolment at all school levels and attending poorly equipped schools. The main 
factor she cites as producing these disadvantages is family poverty which results in 
most families being able to send only one child to a good school; because of 
traditional gei*»der-role expectations, this is usually a boy. Other contributing factors 
which she explores are the loss of traditional Papua New Guinean pre-mathematical 
concepts and language barriers to mathematics education. 

Two chapters in this part of the book deal explicitly with the issue of single- 
sex mathematics education. Fraiui-oise Delon describes the impact on women's 
participation in mathematics education after the recent desegregation of die most 
respected universities in France. Her account details the significant decrease that 
has occurred in the numbers of female students studying mathematics and. 
ultimately, in the numbers of females pursuing careers in universities, schools and 
other prestigious professions. The former women -only learning environment had 
been reassuring and stimulating to women and empowered many of them to enter 
mixed competitive working environments common in the French society. Like 
Delon, Pat Hiddleston also advocates gender-segregated schooling, but in contrast 
to Delon, her account describes the situation in a very poor developing country. 
According to Hiddleston 's research, girls in Malawi who attend girls-only schools 
achieve better results in the final scliool examinations than those who attend 
coeducationa schools and more of them enrol for a university education than girls 
from coeducational schools. Furthermore, at the university level, although they 
enter university with lower overall and lower mathematics qualifications than 
males, by the time they graduate, female students have higher results in 
mathematics and the sciences on average than male students. 



Chapter iO 

Culture, Gender and Mathematics 



Gurcharn Singh Kaeley 



Introduction 

Recent meta**analyses of gender diftere nee s in mathematics performance indicate 
that gencrali7ations as to the superiority of either gender are impossible (Feingold, 
1989; Friedman, 1989; Hyde, Fennema and Lamon, 1989). The magnitude and 
direction of such difterences depend on a number of factors. For instance, age, type 
ot task, sample selection (Hyde, Fennema and Lamon, 1989), and the nature of the 
evaluation procedures (Kimball, 1989) all plav a role. Female students appear to 
demonstrate superiority over their male counterparts on computational, numer- 
ical, and perceptual-speed tasks before high-school, with little or no difference 
after that time. However, on problem-solving and spatial tasks, male students seem 
to outperform females by the time they reach 13 years of age (Lummis and 
Stevenson, 1990; Xu and Farrell, 1992). Boys achieve higher scores on standar- 
dized tests, as well as in the mathematics classroom (Kimball, 1989). Quoting 
Academic Association of University Women, Streitmattcr (1994) corroborates that 
both the National Association of Educational Progress and College Board data in 
the US indicate that males outscore females on test items that assess higher 
cognitive skills. Overall, the best one can conclude is that there appears to be a 
modest difference in mathematics performance in favour of male students. 

Cender differences, such as those mentioned above, stem from eultural 
pressures and socialization processes characteristic of many countries in which 
female students are not permitted to develop their mathematieal abilities to their 
fullest potential. Beliefs and prejudices about se.x-appropriate beh<iviour are 
reffected in the c.xpectations of parents, peers, school, and society (Ledcr, 1985). 
Such cultural stereotypes not only include the alleged natural superiority of b()ys' 
mathematical abilities, but also differences in beliefs about tlic utility of the 
discipline for boys and girls. In maintaining these perspectives, societies undermine 
girls' confidence and motivation, and impoverish their learning of mathematics 
(Meeeecr^i/., 1982). 

This chapter investigates the relationship between culture and gender 
differences in mathematics enrolment and performance. In the pursuit of this goal. 




iC. 



V/ 



Gurcharu Sifi^^h Kaclcy 



four hypotheses arc considered. First, the cultural norms in many developing 
countries are responsible for producing enrolment disparities. Second, in the 
developed world, cultural norms operate to discourage female students in 
mathematics to the point that their enrolment in mathematics courses declines as 
soon as enrolment in the subject becomes optional. Third, in societies where the 
role of women has changed, gender differences in mathematics performance are 
beginning to decrease. Finally, in certain societies and cultural groups in which 
women already have more power and authority, females outperform males in 
mathematics. 



Enrolment Disparities 
Del rlopcd Conn tries 

In North America, Europe', and many other developed countries there is universal, 
compulsory primary and secondary-school education provided through govern- 
ment ta.xation. In some of these regions, such as the UK, even tertiary education 
is subsidized with students from disadvantaged backgrounds receiving financial 
assistance to pay for their books and other necessities. 

Many researchers have studied enrolment patterns as well as performance in 
mathciiiahcs courses in developed countries. There is consensus in their findings 
that female students enrol in smaller numbers than boys in the more advanced 
optional high-school and college mathematics courses. Such reports derive from 
a wide variety of countries such as the UK (Shuard, 1982), the US (Fcnnema, 
1985), Australia (Leder, 1980) and a majority of other countries included in the 
Second International Mathematics Study (Westbury, Russell and Travers, 1989), 
For c.xample, in the US, the number of female citizens who earned a doctoral 
degree in mathematics in the year 1986 to 1987 was only 20 per cent (National 
Center for Education Statistics, 1992). More recently it has been noted in the US 
that gender differences in participation are becoming negligible in all parts of the 
curriculum except calculus where equal representation remains a problem 
(Streitniatter, 1994). In the UK, \chile the proportion of female students taking 
mathematics courses is increasing, it still remains disproportionately lower than 
that of males (Shuard, 1983). In the majority of the countries of the Second 
International Mathematics Study, there are two or three times as many boys as girls 
in advanced mathematics courses (Westbury, Russell and Travers, 1989). 



Developiiif^ (A^untries 

Chiltural norms also contribute to a deficit in female enrolment in institutions of 
learning in many developing countries. Families which can afford to send only one 
child to school will invariably send a boy,' since he is considered the future bread- 
winner for the family. According to Anbesu and Junge (1988), a survey of the 
Ciquani region of Ethiopia showed that only 10 per cent of all children between 






KJ 



92 



Cjil(tm\ Getidcr atid Mathematics 



the ages of 7 and 16 years were enrolled in school and, of these pupils, tw'o-thirds 
were boys. Similarly, Guy (1992) found that only 39 per cent of Papua New 
Guinean secondary-school students were female. The literature from many other 
developing countries confirms this trend (Grace, 1991). More recently the 
Population Action International study reported that some eighty-five million 
more boys than girls receive elementary and seeondary education throughout the 
world (C/iiVfi^?e Tribune, 1994). These disparities become even more acute at the 
tertiary level (Kaeley, 1990). For example, citing a number of studies from Papua 
New Guinea, Kaeley writes that female students in the University of Papua New 
Guinea in the years 1966, 1977, and 1988 comprised only 10 per cent, 15 per cent, 
and 18 per eent, respectively, of the total university population. 



Mathematics Performance 
Developed Countries 

The First International Study of Aehievenient in Mathematics, which was 
conducted in more than twelve developed countries, showed mixed results 
concerning gender diflerences in mathematics pertbnnanee (Thorndike, 1967). 
The achievement of boys was better than that of girls at age 13, particularly on 
verbal, as opposed to computational, problems. However, there was substantial 
variation berween countries, with gender differences being largest in Belgium and 
Japan, and least in the US and Sweden (Thorndike, 1967). Thorndike attributes 
the small differences in the latter countries to the improved role of women in both 
societies compared with Japan and Belgium. 

To concentrate for the moment on the US, gender differences in mathematics 
performance have declined over the years since 1967 to the point where their 
magnitude is now very small (Hyde ct a/., 1990). In a meta-analysis of studies 
conducted between 1960 and 1983. Feingold (1989) observed that gender 
differences in cognitive performance are disappearing, alth(’)ugh the disparity at the 
upper levels of performance in high-school mathematics has remained constant 
throughout the same period. These results were corroborated by Friedman (1989) 
in her meta-analysis of studies conducted berween 1974 and mid- 1987. Fur- 
thermore. she predicts that gender differences in mathematics performance at all 
levels of learning will vanish altogether in forty years. 

From d.ita compiled in the Second International Mathematics Study, Hanna. 
Kiindiger and Larouche (1990) comp.ired sex differences in mathematics perform- 
ance of students in the final year of secondary school in fifteen north American, 
Fuiropean aiul east Asi.m countries. They showed that differences were negligible 
for those countries where there were high levels of home support for both sexes, 
whereas countries where substantial sex differences were observed had lower levels 
of home support. They suggested that since society has traditionally reinforced 
boys' participation in mathematics, the degree of support provided by the home 
may be a more crucial indicator of success in mathematics for girls than it is for 
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boys (Hanna, Kiindiger and Larouche, 1990). This could mean that, when societal 
norms are counter-balanced by family expectations, gender differences disappear. 
Furthermore, the finding, that gender differences in mathematics performance 
vary between countries, runs counter to traditional arguments that attribute boys’ 
superior mathematical performance to their biology, and suggests instead that 
cultural factors offer a more viable explanation (Hanna, Kiindiger and Larouche, 
1990). 



Developing Countries and Ethnic Minorities in Developed Cotnitries 

The cultures of a number of ethnic minorities in the developed world arc either 
female-dominated or gender-equitable (Driver, 1980). Even in cases where the 
indigenous culture is male-do niinated, pressures by the dominant culture are 
producing change. As the examples below illustrate, in some ethnic groups, this 
results in female pertb nuance in mathematics which is as good as, or better than, 
their male counterparts. 

From a nicta-analysis of 100 studies of gender differences in mathematics 
performance in the US, Hyde et ai (1990) demonstrated that there were no gender 
differences in the in-class mathematics performance of African-American and 
Hispanic- American students. A slight difference for Asian- Americans was dis- 
covered and it favoured female students. Only for white students was there any 
evidence of superior male performance, although the gap was small. In another 
study, this time of Hawaiian students between the ages of 9 and 16 years, Brandon, 
Newton, and Hammond (1987) concluded that girls outperformed boys in 
mathematics in all the observed ethnic groups and that the female advantage was 
significantly larger in the Philippine, Hawaiian, and Japanese samples than it was 
in the Caucasian sample (and this has continued, see also Brandon, Jordan and 
Higa, Chapter 1 1 , this volume). 

Another example of the influence of culture on niathematies performance is 
provided by Geofl'rey Driver (1980), He studied 2300 secondary-school graduates 
ot both se.xes, including white students and students of West Indian descent, in five 
multiracial secondary schools in the UK, He observed that West Indian girls 
outperformed West Indian boys in English language, mathematics, and science 
subjects. White boys excelled over White girls, but not as markedly. Out of all four 
groups, the highest mean results were obtained by West Indian girls, with West 
Indian boys doing less well than White boys and performing at the level of the 
White girls. Driver argues that the superior performance of West Indian girls is 
probably due to their culture. Citing a number of studies, he suggests that in rural 
Jamaica, the women rather than the men assume responsibility for the flmiily's 
survival. Upon immigration. West Indian families retain this custom and this is 
reflected in women's superior academic performance. 

India is a developing country in which male dominance is the societal norm. 
In a survey of mathematics attainment in Indian schools, Kulkarni, Naidu, and 
Arya (1969) observed inferior achievement by girls relative to boys in most states. 
Notwithstanding, there were some remarkable exceptions, for e.xample, the 
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highly-developed Mangalore region of Mysore State where females outperformed 
males. 

The influence of culture on the role of women in society, on the cognitive 
development of children, and on the learning of mathematics can also be found 
in Papua New Guinea and some South Pacific Island nations. In these countries, 
there are a number of matrilineal communities (see, for example, Melbourne 
University Press and University of Papua New Guinea, 1972) in which women 
have more power and authority in the family than the men. Under such 
circumstances, girls arc treated with respect in the classroom as well as in the 
society as a whole. And indeed we find that females exhibit equal, if not better, 
performance in mathematics compared with males (Kaeley, 1990). 

In 1983, Lancy conducted a major research project on the cognitive 
development of primary -school children in Papua New Guinea. He observed that 
even in patrilineal conmiunities. there arc no sex differences in cognitive 
development and the learning of mathematics. However, an analysis of the 
nationwide grade 6(11-12 years of age) mathematics examination results docs not 
support his conclusions, since boys* performance was found to be significantly 
better than that of girls (Measurement Services Unit, 1985). A study by Clarkson 
(1983), which focused on gender disparities in the learning of mathematics by 
15-year-olds in Papua New Guinea, also showed no differences in the perform- 
ance of boys and girls. An earlier study of a situation in which 15-year-old boys 
excelled over girls in mathematics noted that, given the right environment, 
achievement levels arc equal (Silvey, 1978). At the tertiary level, Kaeley (1988) has 
observed that there were no gender differences in post-secondary mathematics 
performance at the University of Papua New Guinea. The reasons he suggested 
for this apparent discrepancy with the results of other studies are methodological: 
first, included in the sample were a number of female students from the matrilineal 
conmumitics; second, as proportionally fewer females than males continue on to 
secondary and post-secondary education, they are not representative of the female 
population of the country as a whole; and third, half the students in the sample 
were engaged in distance education and thus were free from teacher-effect. 
Furthermore, he speculated that, since formal mathematics has only recently been 
introduced in Papua New Guinea, it was foreign to all students and therefore 
impervious to gender. Interestingly though, the only indigenous mathematics 
doctoral degree was earned by a woman. 



Conclusion 

Overall, it is evident that enrolment differences in developing countries predom- 
inantly fovour male students. Even in the majority of developed countries, cultural 
influences encourage male students to take additional mathematics courses beyond 
the stage at which they are compulsory. This situation, however, is slowly changing 
and gender differences in mathematics performance are decreasing as women’s role 
in society improves. There are certain developing countries, as well as a number 
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of ethnic communities within developed societies, in which women have more 
power and authority than men. In these societies, either there are no apparent 
gender differences, or female students outperform their male counterparts in 
mathematics, The main conclusion of this chapter is that culture is one of the most 
important factors contributing to gender differences in the learning of mathe- 
matics, 
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Chapter 1 1 

Why Hawai’i Girls Outperform Hawai’i 
Boys: The Influence of Immigration and 
Peer Culture 

Paul Brandon, Cathie Jordan and Terry Ann Hi^a 



Gender d iTercnccs in mathematics achievement in the United States historically 
have favoured boys. In the State of Hawai’i, however, these differences have 



state’s unique pattern of gender differences in mathematics achievement? 

In this chapter, we suggest that some characteristics of Hawaii’s immigrant and 
native Hawaiian populations may have enhanced girls’ educational achievement and 
negatively affected boys’ achiev'enicnt. First, we give a brief summary of the findings 
on gender differences in mathematics achievement across the United States and in 
Hawai’i and discuss gender differences in verbal skills among children nationwide 
and in Hawai'i. Second, wc summarize research on the effects of immigration on 
males and females and present the thesis that, in Hawai’i, such effects may have 
manifested themselves in Hawai'i’s gender differences in educational achievement. 
Third, wc summarize anthropological theory on school compliance and ethno- 
graphic data on peer culture among native Hawaiian youngsters, and we suggest how 
these are applicable to gender differences among native Hawaiians, 

Gender Differences 

Maccoby and Jacklin, in their landmark survey of research on gender differences 
in mathematics achievement, concluded that American boys and girls were ‘similar 
in their early acquisition of quantitative concepts, and their mastery of arithmetic 
during the grade-school years’ (Maccoby and Jacklin, 1974, p. 352), but that boys’ 
mathematical skills increased faster than girls’ after about 12 years of age. Recent 
meta-analyses have shown that differences in mathe natics achievement have 
decreased and largely been eliminated (Friedman, 19H9; Hyde, Fennema, and 
Lamon, 1990) except among high-school and post-secondary students on some 
mathematics subtests, on which boys have continued to show somewhat higher 
levels of acliievement than girls. 



flivoured girls. What is different about Hawai’i that might help account for the 
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In Hawai’i, studies have consistently shown elementary- and secondary- 
school girls outperforming boys on mathematics tests (Brenner, 1984; Holmes, 
1968; Kamehameha Schools/Bishop Estate, 1983; Marshall, 1927; Stewart, Dole 
and Harris, 1967). Brandon, Newt^ui and Hammond (1987) reported an analysis 
of 1982 and 1983 Stanford Achievement Test results from Hawai’i’s statewide 
testing programme. For children of Filipino, native Hawaiian, Japanese, and white 
ancestry, results on three mathematics subtests for Grades 4, 6, and 8 (ages 9-14 
years) and one subtest for Grade 10 (ages 15-16 years) showed that girls 
outperformed boys in seventy-six of eighty comparisons. Results across ethnic 
groups, subtests, and testing years were combined and eflFect sizes (that is, the girls’ 
mean minus the boys’ mean divided by the standard deviation of both groups 
combined) were calculated. The effect sizes favoured girls and were greater among 
older children than among younger children, with sizes ranging from 0.12 for 
Grade 4 to 0.26 for Grade 10. A finding that is particularly relevant for this chapter 
is that differences flivouring girls were greater among children of non-White 
ancestry than among White children. 

Brandon and Jordan (1994) ha'*e expanded on these findings in two ways. First 
they analysed 1991 Hawai'i achievement test results, showing that gender 
differences in mathematics achievement among Hawai'i school children have 
continued. Second they compared findings for Hawai'i on the 1990 National 
Assessment of Educational Progress state-level eighth-grade mathematics assess- 
ment with the findings of thirty'-six other states, the District of Columbia, and two 
terruories. Hawai'i was the only one of the forty' participating jurisdictions in 
which girls' total-test mean scores were significantly higher than those of the boys. 
Therefore, Brandon and Jordan concluded that the Hawai'i gender differences are 
unique among the American states. 

Another are in which boys’ and girls' achievement has traditnuially and 
widely been compared is verbal skills. In a meta-analysis of studies on differences 
in verbal skills, Hyde and Linn (1988) found an effect size ofO. 1 1 . They concluded 
that 'overall, studies of gender differences in verbal ability support the conclusion 
that these ditrerences arc now negligible’ (Linn and Hyde, 1989, p. 18). In contrast, 
analyses conducted for this chapter show that Hawai'i Stanford Achievement Test 
statewide testing results for four grades in reading in 1991 show effect sizes ranging 
from 0.12 to 0.24, with a mean effect size of 0.18. Thus, the results for Hawai'i 
suggest larger differences favouring girls than the national results, and, togetiier 
with the results found on gender differences in mathematics achievement, suggest 
a general educational achievement advantage for Haw’ai’i girls relati'’e to boys. 

What explanations for Hawai'i educational gender differences might we glean 
from the literature? In the next section, we suggest that immigration might have 
affected Hawai’i boys' and girls' educational achievement and attainment levels. 

The Impact of Immigration 

'Legal immigration to the United States . . . has been dominated by females for the 
past half century' (Pedraza, 1991, p. 304), yet few studies have focused on women 
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iniinigrants (Pedraza-Bailey, 1990). Nevertheless, by examining reports of studies 
on immigrants published in the psychological, sociological, and anthropological 
literature, we have found sufficient literature to support the claim that a theme has 
emerged; immigration into western nations may be more beneficial for females 
than for males, at least in the short run, with the consequence that female 
immigrants experience greater educational success than male immigrants. 

Female Immigrants May Adapt More Easily than Males 

Studies of Jewish. Irish, and Caribbean immigrants to the US and England have 
suggested that female immigrants experience less difficulty than males in adapting 
to their new lives. Summarizing the status of Jewish working-class male 
immigrants in the late-nineteenth and early-twentieth centuries, Hertzberg said 
the ‘evidence of the destruction of the role of the father is overwhelming 
(Hertzberg, 1989, p. 196). Less than 20 per cent of the men during this period 
earned sufficient income to support their families, and many deserted their 
families, resulting in the development (or, in Hertzberg’s words, the ‘invention') 
of the ‘Jewish mother' as the family's protector (Hertzberg, 1989, p. 196). Among 
Irish immigrants, men experienced a similar ‘decline in status and power within 
their families as a result of migration, pushing women — wives and mothers — 
into authoritative roles far greater than they had experienced' in Ireland (Diiier, 
1983, p. 46). Migration was a ‘“liberating" experience for Irish women. They 
consciously had chosen to leave a society that offered them little as women to 
embrace one that proffered to them greater opportunity . . .' (Diner, 1983, p. 140). 
Pessar (1986) found that women immigrants to the US from the Dominican 
Republic were reluctant to return to the Dominican Republic because of the gains 
they had experienced after migrating. As Pessar said about these women 
immigrants, ‘in contrast to men, migration does not rupture the social sphere in 
which women arc self-actualized' (Pessar, 1986, p. 276). According to Foner 
(1978), among Jamaican immigrants to England, immigration was more positive 
for women than men because the women had become less dependent upon men. 

Studies of Chinese immigrants have shown similar post-immigration male- 
female differences. In a study of Chinese Americans, Yu (1984) reported that the 
relationship between life satistaetion and acculturation was stronger for Chinese- 
Ameriean females than males. Huang compared male and female Chinese- 
American students and reported that females ‘prove to be more sensitive to 
Westernization and more balanced in their acculturation process' (Huang, 1956, 
p. 25) than males. In an anthropological study of first-generation Chinese 
Americans' dating behaviour, Weiss (1970) reported that females had adjusi'ed 
more quickly and easily than males to American social customs, that they were 
more accepted by Whites as dating partners and possible mates, and that they ofteii 
thought that Chinese- American males were inept dating partners. 

In studies of Asian immigrants living in Hawai'i, similar patterns suggesting 
less difficult adjustment among lemales than males have been found. Arkoff, 
Meredith and Iwahara (1962) concluded that male Japanese immigrants might 
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have acculturated less easily or quickly to American culture than female Japanese 
inunigranls. Among later generations of Japanese Americans in Hawai’i, findings 
on gender differences suggest that the effects of differential adaptation have 
persisted. For example, Meredith and Meredith (1973) compared Japanese 
Americans and White Americans and showed that Japanese-Ainerican males in 
their study were more introverted than the White males but that no such 
differences were found betw’cen the Japanese-American and White females. 
Similarly, Bartos and Kalish (1961) showed that among college-campus leaders, the 
proportion of Japanese-American females was almost three times the proportion 
ofJapancse-American males. 

May Affect Educatioual Achievement and Attainment Uvels 

Published evidence for gender differences in immigrants' educational achievement 
is sparse and presents a mixed picture. A summary of late-nineteenth and early- 
twentieth century immigrants to the US (Olneck and Lazerson, 1974) showed that 
immigrant girls in most ethnic groups had completed more years of high-school 
than immigrant boys, but among Russian Jews and southern Italians, boys had 
completed more years of school than girls. Brandon (1991) analysed data from the 
1986 follow-up of the national ‘High School and Beyond’ survey. He concluded 
that Asian -American females have reached high levels of educational attainment 
more quickly than Asian-Amcrican males and that these differences have been 
largest among Chinese Americans, Filipino Americans, and recent immigrants or 
their children. Duran and Weffer, however, examined educational data on 
Mexican- American immigrants and found that ‘girls had lower achievement 
before high school and the differetitial increased through the high school years' 
(Duran and Weffer. 1992, p. 177). 

Such findings suggest that group-specific cultural attitudes toward the 
education of the sexes may have influenced immigrants' educational achievement 
or attainment levels. Among late-nineteenth and early- twentieth century immi- 
grant Russian Jews, for example, the education of males was highly valued, and 
among immigrant southern Italians during the same period, the education of 
females was disparaged. Campbell and Connolly (1987) found that parents' 
expectations of White American students’ secondary and post-secondary per- 
tbrmance were greater for boys than for girls. Among Asian Americans, however, 
Campbell and Cor .oily found that parents' expectations were the same for both 
sexes. Among pre-colonial Filipinos, men and women were regarded in an 
egalitarian manner, and today the education of Filipino women is highly valued 
(Alcantara, 1990). The effects of these attitudes toward Filipino women’s 
education arc manifested in the high educational attainment rates among Filipino 
women in the Philippines, where ‘the literacy rate among women is equal to that 
of men’ (Alcantara, 1990). They are also manifested in the educational attainment 
rates of young Filipino immigrant women. In Table 1 1 . 1 , we show analyses of data 
taken from the US Census Bureau's computer runs of unpublished 1980 census 
results (US Bureau of the Census, 1986) on the educational attainment of male and 
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Table 11.1: Percentages of native-born and immigrant Asian-Amencan males and females aged 
20-9 years in 1980 who had graduated from college 



Native*born Immigrants 





Male 


Female 


Male 


Female 


Filipinos 


10.8 


148 


23 1 


35.3 


Chinese 


40.3 


40.5 


36 8 


31-.6 


Vietnamese 


15.7 


20.0 


9.8 


60 


Japanese 


31.2 


34 5 


31.5 


23.7 


Koreans 


23.5 


21.9 


23.7 


150 


Asian Indians 


28 2 


22.5 


53.8 


43.3 



Source: US Bureau of the Census (1986) 



female immigrant and native-born Asian Americans aged 20-9 years in six ethnic 
groups. As can be seen, gender differences favouring female immigrants are found 
only among Filipinos. 



Immigration and Educational Achievement 

Hawai'i is the youngest American state, and much of its population is comprised 
of the most recent generations of immigrants to the US. Before the mid- 1800s, 
when many European immigrants had already entered the US mainland, only 
small numbers of non-native people had come to Hawai'i to stay. From 1852 to 
1930, however, about 400 000 immigrants were brought to the state to work on 
plantations (Fuchs, 1961). In recent years, Hawai’i has continued as a home for 
new immigrants; for example, Hawai'i’s 1987 population comprised only 0.44 per 
cent of the total US population, but 1.13 per cent of all immigrants to the US in 
1987 chose Hawai'i as their intended residence (National Technical Information 
Service, 1990). Most recently, over half of these immigrants have come from t.ic 
Philippines (C'aces, 1985; Department of Business and Economic Development, 
1988). 

If immigration affects females more positively than males, the relatively high 
proportions of immigrants in Hawai’i throughout its recent history might account 
at least in part for its unique gender differences favouring girls in mathematics 
achievement. The argument, supported by the findings and studies summarized in 
this chapter so far, goes as follows. First, gender differences in Hawai’i are found 
in both mathematics and verbal skills, suggesting a general educational achieve- 
ment advantage for girls. Second, these differences are greater among non-Whites 
than among Whites, leading us to focus in Hawai’i on Asian immigrants, the 
predominant non-Wliite immigrant group. Third, among several national or 
ethnic groups nationwide (including Asians), immigration may have been more 
beneficial for women than for men, at least in the short run. Fourth, the positive 
effect of immigration on females in Hawai’i has been maintained beyond the first 
gtmeration and has been seen in immigrants’ descendants. Finally, Filipinos, who 
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comprise Hawai'i’s largest recent immigrant group, have high regard for the 
education of females, thus reinforcing long-standing Hawai’i trends favouring 
females' outperformance of boys in school. This evidence forms the foundation 
for our suggestion that the effects of immigration help account for gender 
differences in educational achievement favouring girls in Hawai'i. 



School Compliance and Native Hawaiian Peer Culture 
Ratio f Idles for School Compliatice 

Anthropologists and sociologists have pointed out that schools require children to 
give up independence and expect them to acknowledge the authority of strangers 
who have no pre-established legitimacy. All children have to decide whether they 
are going to comply with what schools and teachers ask of them. Especially for 
minority culture children, much of what the teacher and school require may seem 
strange and even sometimes offensive. Since some minimal degree of student 
compliance is a necessary condition for success in school, the decision about 
whether to comply with school rules and teacher requirements is a crucial one. 

John D’ Amato (1986, 1993) has developed a useful perspective on school 
compliance, based mainly on his work with primary-grade native Hawaiian 
children. According to D' Amato, there arc two kinds of rationales for complying 
with the teacher's wishes, ‘structural’ and ‘situational'. A structural rationale for 
compliance involves knowledge of, and belief in, external advantages of complying 
that are of such magnitude that children are willing to tolerate even very punishing 
conditions internal to the school context in service of external goals. A structural 
rationale for compliance could involve, for example, the conviction that success in 
school leads to success in life, or parental and familial pressure on the student to 
comply with school requirements and excel in school, even at the sacrifice of other 
culturally important roles and values. 

A situational rationale for compliance, on the other hand, involves factors 
intrinsic to the school or classroom. Children who do not have a strong structural 
rationale for complying with school demands may nevertheless comply if doing so 
brings them valued payoffs within the school setting and does not violate their 
sense of identity or their beliefs about appropriate behaviour. In particular, at least 
with native Hawaiian children (D’ Amato, 1993), when classroom practice and the 
teacher's claim to authority do not conflict with the structure and demands of the 
children’s peer groups, then even children who have little in the way of structural 
rationales for compliance may cooperate with the teacher 



Peer Groups atid Ratiotuilvs for School Compliance 

How does this relate to male-female differences in the educational achievement 
scores of native Hawaiian students? We suggest that such gender differences may 
occur because of differences in the availability of structural and situational 
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rationales for compliance and achievement. 

Hawaiian families and kinship networks traditionally were gene rationally 
organized; many still tend toward this kind of organization (D’Amato, 1986; 
Howard, 1974). One consequence of this organization is that adults interact mostly 
with adults, and children with other children. After infancy, children are socialized 
to become part of an interdependent, interacting group of siblings which bears 
collective responsibility for much of the work of the household, including 
considerable childcare (Gallimore, Boggs, and Jordan, 1974; Jordan, 1981). This 
sibling group is central to the lives of many Ha^vaiian families. In the sibling group, 
an older child, usually the oldest girl, often acts as helper or Tight hand' to her 
mother (D’Amato, 1986; Gallimore, Boggs and Jordan, 1974). She is responsible 
in a special way for looking out for her younger siblings and for seeing that the 
work of the sibling group gets done. She has a special place in the affections of her 
siblings, as well as a special degree of influence with them. In addition, because of 
her relationship with her mother, she is a link between the generations. 

Starting in later childhood, and becoming increasingly important in the 
teenage years, companion groups of close-age, same-sex peers become important, 
especially for boys (Gallimore, Boggs and Jordan, 1974). The peer companion 
group tends to remain central for males into early adulthood, even after family 
formation and marriage. It exerts a powerful *puir for boys and young men which 
is only gradually overcome by the needs and ties of the family and kinship network. 
In these same years, females are becoming increasingly involved in kin and fiimily 
concerns. Kinship networks tend to be held together by ties between females, with 
males being more peripheral (D’Amato, 1986). Because of the importance of links 
among female kin, young women may be more involved in cross- gene rational 
interactions than young men are. 

In school, there is evidence of a strong peer orientation among both boys and 
girls (Gallimore, Boggs and Jordan, 1974). In D’Amato’s (1986) study of a class of 
low-income, elementary-school native Hawaiian children, girls and boys had 
separate, differently organized peer groups with different kinds of objectives. Both 
boys’ and girls’ peer groups operated in a dynamic of rivalry in which individuals 
strove to establish and maintain themselves in positions of equality or near equality 
with other members of their peer group. However, the boys in the study engaged 
in rivalry for dominance among themselves, while the girls engaged in rivalry for 
central social posinons within their peer group. Also, for girls, closeness to the 
teacher seemed to be an important counter in their game of centrality, in a way 
that did not have a parallel in the boys’ dominance game. In addition, in some 
classrooms, one girl appears to take on the position of chief helper to the teacher, 
echoing the role of mother’s helper. In D’Amato’s study, this was the same girl 
who occupied the most central position in the peer group. This girl thus crossed 
the generational line, just as the mother’s helper does in the family, and may have 
provided a link between the teaeher and the girls’ peer group that did not exist for 
boys. 

These patterns in children’s lives at home and at school may, at least in part, 
be responsible for gender differences in achievement among native Hawaiian 
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youngsters. For Hawaiians, as a group, there is little structural rationale for 
compliance and achievement in school. With a history of conquest and 
colonization by the United States, they are at the lower end of the economic 
spectrum. They have suffered long-term discrimination against their culture and 
language by the dominant group. This kind of experience docs not inspire much 
trust in schools as an institution of the dominant society, or faith in schooling as 
a realistic road to success in life. 

That being the case, wc need to look to the classroom setting and the 
dynamics of interaction in school to determine the relative strength of situational 
rationales for (or against) school compliance. Since peer orientation among native 
Hawaiian children is, strong and the peer group important its influence must be 
considered carefully. We suggest that the way girls’ peer groups operate is more 
compatible with the ordinary school situation than is the organization and 
operation of boys’ peer groups. It thus may constitute a kind of situational rationale 
for compliance that does not exist to the same degree for boys. Among younger 
children, the dominance rivalries and struggles of the boys may present more 
serious and disruptive challenges to teachers and more difficult barriers to 
compliance than docs the centrality-oriented rivalry of girls. This is especially true 
since girls can actually incorporate closeness to the teacher into their centrality 
game, and since the central girl in the peer group can also serve as a facilitator and 
bridge to friendly relations with the teacher. Among older students, it is possible 
that, as girls’ concerns and energies turn more toward family obligations and kin 
ties, the power of their scho(^l-based peer groups may diminish somewhat, but that 
it remains as strong or stronger for older boys as it is for younger boys. The values 
and interactions of the peer group may have much more appeal for boys than 
anything the traditionally organized school usually offers in the way of situational 
rationales for compliance. 

Peer Group Culture and Other Ethnic Groups 

The importance of the male peer group and its rivalry games seems to have 
precedents in native Hawaiian culture and to appear most dramatically in schools 
with high native Hawaiian populations, but to a certain extent, it is also a 
phenomenon of Hawai’i's ‘local’ youth culture as a whole. Thus, it may affect all 
of Hawai'i’s male students to a greater or lesser degree, and wc can speculate abcuit 
how this fict may relate to the relative sizes of gender differences in achievement 
scores for other ethnic groups. 

Filipino children arc more likely than Japanese or Caucasian children to live 
in the same neighbourhoods and attend the same schools as native Hawaiian 
youngsters. Therefore, factors similar to those associated with the male peer-group 
organization for Hawaiians may have more effect on Filipino boys and less effect 
on Japanese and Caucasian boys, resulting in a larger differential between Filipino 
boys’ and girls’ achievement. 

Achievement-test efl'ect sizes favouring girls may be the smallest for Caucasian 
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children because many arc immigrants from the mainland or, as the children ot 
military families, arc in Hawai'i for only relatively short periods of time. Thus, 
Caucasian students are perhaps the least likely to participate in the local school 
culture, including the peer-group organization of boys with its attendant potential 
for impacting the degree of school compliance. 

Conclusion 

In this chapter, we have summarized literature suggesting that differential 
adaptation to their new homeland by male and female immigrants to the state ot 
Hawai’i and differential school compliance among native Hawaiian boys and girls 
may help account for gender differences favouring Hawai’i girls on both 
mathematics and verbal-achievement tests. The effecis of immigration were seen 
in the state as early as the 1920s and. in recent years, nay have continued because 
of the high proportion of Filipino immigrants to the state. We speculate that 
differential school compliance among native Hawaiian boys and girls may also help 
account for gender ditferences in achievement among boys and girls of the other 
ethnic groups in the state. Of course, in addition to immigration and school 
compliance, there may very well be other sociological, anthropological, psycho- 
logical. or historical factors which also aftbet gender differences in Hawai'i. These 
intriguing differences in achievement, unique among the American states, deserve 
further examination by educational researchers, practitioners, and policy makers. 
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Chapter 12 

Mathematics and New Zealand 
Maori Girls 



Sharleen D. Forbes 



Introduction 

New Zealand was one of a number of countries that participated in the 1981 SIMS 
(Second International Mathematics Study) mathematics survey. In certain areas of 
mathematics, such as measurement and arithmetic, New Zealand students failed to 
attain a high international ranking (Department of Education, 1987). Moreover, 
small but statistically significant gender diflerences in overall mathematics perform- 
ance were observed as early as Form 3 (the first year of secondary school) (Wily, 
1986). In comparing ethnic groups within New Zealand, marked differences 
which, in general, increase throughout the Form 3 year (Garden, 1984) were 
noted between Maori (indigenous New Zealanders) and other students. Data for 
the next international survey, the Third International Mathematics and Science 
Study, is not due to be collected in New Zealand unul late 1994. A smaller national 
study was therefore commissioned by the Ministry of Education and undertaken 
by the women’s collective. Equity in Mathematics Education, using 1989 data to 
update some of the SIMS results. 

The Equity in Mathematics Education study involved a 9 per cent sample of 
all first-year secondary students in one of the four education regions that comprise 
New Zealand. While Maori students comprised only 17 per cent of the first-year 
secondary school population in 1989 (Ministry of Education, 1990), they were 
slightly over-represented (23 per cent) in the sample. In March, the beginning of 
the school year in New Zealand, a sample of 1639 students completed 
questionnaires focusing on their family background and attitudes towards mathe- 
matics. The sample was designed in such a way that approximately half of the 
students were frcmi 'intact classes’, that is a class consisting of all students taught 
mathematics together at the same time and by the same teacher. Tests from the 
SIMS survey were administered to students in March, and again at the end of the 
school year in November, to permit an assessment of the impact on students of the 
mathematics programme. The purpose of this chapter is to investigate the 
mathematics achievement of Maori girls, and to determine whether the observed 
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overall gender differences in mathematics achievement in New Zealand are 
culture “Specific. Since the average age of the students in the study was 13 years, 
this report provides an analysis of the attitudes, expectations and mathematical 
outcomes of 13-year-old Maori girls. For full details of the study including a 
comparison of the overall, topic, and question-specific results between 1989 and 
1981, and an analysis of gender and ethnic differences in attitudes towards, and 
performance in, mathematics, see Forbes et ai (1990). 



Backgrounds and Attitudes of Maori Students 

Under the Trean/ of Waitangi, the Maori people have special rights with respect 
to their land, fisheries, and forests. However, since signing the agreement in 1840, 
they have never experienced the same social and economic advantages enjoyed by 
other sectors of New Zealand society. 

Maori is not the first language of most Maori children. While approximately 
43 per cent of the 384 Maori students in the study said that their parents normally 
spoke the Maori language at home, only 10 per cent of the students claimed to 
be able to speak it themselves. Perhaps as a result of deliberate attempts by 
educators to ‘assimilate’ Maori students, English has become their dominant 
language and is used almcsr exclusively in everyday conversation. The preservation 
of the Maori language is < urrently a major concern in New Zealand, with many 
Maori parents beginning \o demand bilingual or immersion Maori education for 
their children (Davies and ‘S^icholl, 1993). 

The occupations of employed parents were classified using the Elley-Irving 
(Johnson, 1985) scale for males and the Irving-Ellcy (1977) scale for females. The 
‘unskilled’ category includes manual labourers, but not home-makers, the 
unemployed, or those on welfare. As Table 12.1 shows, parents of Maori students 
are much more likely than parents of European descent to be in ‘unskilled’ or 
‘semi-skilled’ occupations (categories 1 and 2 in Table 12.1). 

Maori parents were also more likely than their European counterparts to have 
no education beyond the secondary level (Table 12.2). Less than 20 per cent of 
both Maori mothers and M ^ri fathers participated in tertiary education, 
compared with approximately one-third of parents of European descent. There 
were reasonably high positive correlations between the employment and education 
variables (p < 0.05), indicating that a parent with limited education would most 
likely be in an unskilled occupation, wdth a spouse in a similar position. Not only 
do most Maori children come from low-income families, but as already noted, 
their parents are also likely to possess only a limited education. This might be 
expected to affect the attitudes of Maori children towards higher education, as well 
as to hinder their participation in certain subject areas such as mathematics. 

The disadvantages experienced by Maori students in terms of their low socio- 
econoinic status, coupled with the discontinuity they experience between their 
home and school cultures, influence their attitudes towards post-secondiry 
education. Only 32 per cent of the Form 3 Maori students expected to continue 
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Table 12. 1: The percentage of parents of European and Maori origin in each socio-economic 
category 



Fathers 



Mothers 





European 


Maori 


European 


Maori 


1 


7 


23 


16 


27 


2 


12 


34 


10 


18 


3 


34 


24 


25 


22 


4 


23 


14 


33 


24 


5 


12 


2 


11 


7 


6 


12 


3 


5 


2 


Note- Scale ' 


1 = Unskilled. 6 = Professional 







Table 12.2. Highest level of education of parents (by percentage) 



Fathers Mothers 





European 


Maori 


European 


Maori 


Primary only 


2 


5 


2 


5 


Secondary only 


63 


80 


67 


77 


Tertiary 


35 


15 


31 


18 



with formal education beyond secondary school, compared with 57 per cent of 
students from European backgrounds. There was a signiticant correlation 
(p < 0.05) between the students' expected number of years of further education 
and the parents' education le\-els or occupations, indicating that these low 
expectations are, at least in part, influenced by home charaeteristics. 

The March questionnaire asked students to indicate the level of their 
agreement or disagreement with the following statements on a five-point scale 
ranging from strongly disagree to strongly agree: 

• Mathematics is useful in solving everyday problems. 

• It is import.mt to know mathematics in order to get a good job. 

• Most people do not use mathematics in :heir jobs. 

• Boys have more natural ability than girls. 

• Boys need to know more mathematies than girls. 

• It 1 had my choice 1 would not learn any more mathematics. 

For the purposes ot this diaper, the two ‘disagree' and two ‘agree' categories 
have been combined. A high percentage of students in both ethnic and gender 
groups (80 per cent) agreed that mathematics is useful for solving everyday 
problems, and that it is important to know mathematics in order to get a good job 
(85-90 per cent). The m.ijority ot Maori boys and girls (58 and 60 per cent, 
respectively) believed that most people use mathematics in their jobs, but these 
percentages were significantly less (p < 0.05) than those foi boys and girls of 
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Table 1 2.3: Students ' perceptions of gender differences in mathematics (by percentage) 





Boys have more ability 
in maths 


Boys have more need 
for maths 




European 
M F 


Maori 
M F 


European 
M F 


Maori 

M 


Disagree 

Undecided 

Agree 


62 

29 

9 


94 

5 

1 


57 86 

30 13 

13 1 


74 

19 

7 


86 

9 

5 


58 ( 

26 : 

16 



European descent (71 and 77 per cent, respectively), A higher percentage of Maori 
girls were 'undecided about whether most people use mathematics in their jobs 
than students in any other group. 

For both groups of students, significantly more girls than boys disagreed that 
boys possess more natural mathematics ability or greater need to know mathe- 
imtics than girls (sec Table l’2,3), Maori boys were the group most likely to agree 
with these statements, while significantly more Maori girls than girls of European 
descent were 'undecided' in this area. Further investigation will be necessary to 
determine the extent to which the strong views held by Maori boys influence 
those of Maori girls. 

Mathematics is a compulsory subject for the first nine years of schooling, that 
is until the end of the second year in secondary school. Even in the tenth year, 
almost all students take mathematics (97 per cent in 1990). with a Large majority 
(75 per cent in 1990) continuing to study the subject the following year (Ministry 
ofEducation, 1991), Given this, it was expected that a high percentage of students 
in all groups, on beginning secondary school, would state that they would 
continue with mathematics. Only for Maori boys was there a relati\-ely large 
percentage who had already decided they would drop the subject (13 per cent 
compared with 5-6 per cent in other ethnic groups). However, a high proportion 
of Maori girls were 'undecided' (21 per cent compared with 10-13 per cent in 
other groups). 

In summarv then, at the beginning of secondary school, Maori girls as a group 
were the most likely to be 'undecided' about the usefulness of mathematics, 
whether boys had more natural mathematics ability or need for mathematics, and 
whether they themselves would continue to study mathematics when given the 
choice. Particularly disturbing is the observation that, upon entry to secondary 
school, the majority of all Maori students had already decided that they had no 
future in education beyond the secondary level. 



Mathemarics Performance 

Pc'rtormancc w.is .in.ilysc'd tor those' students in the sample who s.it the' M.ireh ,ind 
the Newember tests. The tests administered in March and Newember were 
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Table 12.4: Gain in test performance (March-November. 1989) by gender and ethnicity 









Standard 












N 


Mean 


Deviation 


Median 


Mode 


Max 


Min 


European 
















Males 


302 


3.79 


4.81 


4 


4 


7 


-12 


Females 


265 


4.54 


4.47 


4 


4 


17 


-9 


Maori 


Males 


83 


3.55 


4 39 


3 


3 


21 


-5 


Females 


79 


2.95 


4.37 


3 


3 


14 


-10 


Note: Numbers do not add to 81 3 since only non-Maori students of European descent are 
included. 



identical, and were scored out of forty points. The mean score for the entire sample 
in March was 15.45 (with standard deviation 7.25), while the corresponding 
November figure was 19.51 (standard deviation 8.35), In other words, this is a 
mean improvement during the school year of only 4,06 marks, or 10 per cent. This 
small gain and the accompanying large standard deviation, coupled with the 
observation that one in every six students showed no improvement at all, are cause 
for grave concern. 

The situation is worst for Maori students. Not only do they enter secondary 
school with a lower mean score than their Europeran counterparts, they also exhibit 
significantly lower average gains in marks throughout the year. By November, the 
mean difference in score between Maori students and those of European origin was 
5.7 marks in favour of the latter. Furthermore, although there is a positive correlation 
between parents occupations or education levels and student performance, when 
these variables are controlled for, large difterences in test achievement continue to 
remain between the two groups. Thus, the mathematics performance of Maori 
students cannot be explained simply by referring to their low socio-economic status, 
and it is quite possible that ‘cultural oppression' has played a role here. 

As illustrated by Table 12,4, Maori girls experienced the lowest gains in 
achievement during the school year. However, it is also the case that, when the 
mean scores of 'intact classes' were compared, one of the classes that witnessed the 
highest gain relative to its March score contained only Maori students of whom 
60 per cent were female. This was a class of students ui a small, rural, bilingual 
school with a young, male Maori teacher. Although the class had the lowest mean 
score in March, it gained an average of 4. 6 marks over the course of the academic 
year. Cfiven this, it seems plausible that a combination of teacher enthusiasm and 
appropriate learning environment could make a critical difference in outcomes for 
Maori students in learning mathematies. 

Table 12,5 provides a eomparison of the November 1989 test seores with those 
obtained by students in the SIMS survey (Department of Education, 1987), V/hile 
in 1981 the gender difterence in both groups was in favour of the bovs, in 1989 
we witness an interaction beuveen gender and vthnieity, that is, only for Maori 
students is the mean score for girls lower than that ofboys. 

The improvemeni in the mean score for girls of European descent is 
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Table 12.5: November Test Performances by gender and ethnicity for the years 1989 and 1981 





1989 


(1981) 


Standard 

Deviation 


1989 


(1981) 


European 

Male 


20.7 


(20.8) 


8.59 


304 


(2076) 


Female 


21.1 


(20.0) 


8.19 


267 


(2037) 


Maori . . 


Male 


15.7 


(15.9) 


6.59 


86 


( 310) 


Female 


14.6 


(14.4) 


6.19 


80 


( 269) 



Note: Numbers do not add to 81 3 since only non-Maori students of European descent are 
included. 



encouraging for campaigns such as ‘Girls Can Do Anything (New Zealand s 
television and school promotion run by the Department of Labour in 1983), as 
well as for intervention programmes such as ‘EQUALS’ (1989) and ‘Family Math’ 
(Stenmark et al. 1986), which have been actively promoting mathematics for girls. 
However, these endeavours do not appear to have had the same positive impact on 
the participation and performance of Maori girls. Perhaps this is not surprising, 
since the majority of the teachers and administrators involved in these programmes 
are not Maori themselves. With this in mind, it seems likely that Maori 
involvement and ownership of the development of approaches will be necessary 
before similar improvement will be witnessed in the mathematical participation 
and achievement of Maori girls. 



Impact on Further Mathematics 

Given that ethnic differences in mathematics performance are apparent at the 
beginning, and continue to the end, of the first year of secondary school, one 
might expect these differences to persist through the secondary years. Indeed, as 
we shall see, this is the case. In the normal course of events, the students in the 
1989 sample would be in their third year of secondary school by 1991. It is in this 
year. Form 5, that the majority of students sit their first national examination, the 
School Certificate. Although mathematics is optional at this stage, it was the 
second most popular subject, after English, in the 1991 School Certificate 
examination for both groups of students under consideration. It is not, however, 
surprising, given the early differences in performance and attitudes of the students, 
that while mathematics was taken by 84 per cent of non-Maori School Certificate 
candidates who were in their third year of secondary schooling in 1991, it was 
taken by only 67 per cent of the corresponding Maori candidates. 

Candidates who pass the School Certificate receive a grade ranging from D 
(lowest) to A1 (highest). In addition to the previously discussed differences in 
participation, there were also significant differences in ai hievement as shown in 
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Table 12.6: Percentage of 1991 School Certificate graduates in each grade category 



Number of 





Al 


A2 


B1 


B2 


Cl 


C2 


D 


Candidates 


Maori 


















Females 


0.9 


4.1 


11.4 


21.7 


33.7 


25.1 


3.1 


2688 


Boys 


1.5 


5.3 


14.1 


24.1 


30.9 


20 9 


3 2 


2682 


Total 


1.2 


47 


178 


22.8 


32 3 


23 0 


3.2 


5370 


All 


5 6 


12.4 


21 8 


23.8 


22.6 


12.3 


1 5 


39394 



Table 12.6. The most common grade for Maori students w’as Cl, compared with 
B2 for non-Maori candidates (Ministry of Education, 1992). 

This apparently bleak situation continued into the fourth and final year of 
secondary school. Form 6, with only 57 per cent of the Maori 1991 School 
Certificate mathematics candidates (59 per cent of girls and 52 per cent of boys) 
taking the Sixth Form Certificate in mathematics one year later. This stands in 
marked contrast to the 73 per cent figure for the corresponding group of non- 
Mac^ri students (New Zealand Qualifications Authority, 1993). 

When the small group of high-achieving (with grades of Al) Maori girls in 
1991 School Certificate mathematics was examined more closely in terms of their 
performance in Sixth Form Certificate mathematics the following year, these girls 
scored at le.ast as well as their female peers of European origin. The same, however, 
did not hold true for Maori boys (Forbes and Mako, 1993). This observation may 
indicate that the few Maori girls who continue with mathematics to this level are 
the very high-achieving. Despite this, throughout secondary school Maori girls, 
in general, exhibit the lowest participation and achievement levels in mathematics 
when compared either to Maori boys, or to New Zealand students of European 
descent. 



Conclusion 

To summarize, in this chapter, I liave shown that on entry to secondary school, Maori 
girls are ‘undecided about the usefulness of mathematics, whether they should 
continue to study mathematics, and whether mathematics is a subject of greater 
importance to boys. Their average performance in mathematics at age 13 is lower 
than that ot Maori boys, in cemtrast with the a\erage performance of girls of 
European descent which equals that cTtheir male peers. Furthermore, the observed 
low mathematics performance (^t I3-ycar-oId Maori students compared with that of 
students ot European descent increases througlunit secondary schooling. 

It appears that strategies to increase the participation and achievement of girls 
in mathematics in New Zealand are bas ing a positive impact on girls of European 
descetit, but are failing to meet the needs of Maori girls. The latter generally derive 
from low-income tamilies, and commence secondary school with ambivalent 
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views towards mathematics. However, these variables do not account for aU the 
observed differences between Maori and other girls. Both the learning environ- 
ment and the individual teacher may be critical factors in determining the success 
of Maori girls in mathematics. Maori girls belong to a culture that has suffered 
from misguided attempts at assimilation by the dominant group in New Zealand 
society, those of European descent. These attempts have culminated in a major loss 
of traditional Maori knowledge and language. It is likely that precisely targeted and 
Maori-driven strategies will be needed to increase the participation, achievement, 
and enjoyment in mathematics of Maori girls. 
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Chapter /3 

Equal or Different?: Cultural Influences 
on Learning Mathematics^ 

Gilah Leder 



Introduction 

The contents of the influential Handbook of Rc^^carch on Ma/kcnia/irs Tcailihii^ and 
Uarnifii^ (Groiiws, 1992) illustrate dearly the wide range of factors believed to 
influence mathematics learning. In addition to learner and classroom- related 
variables, reference is also made to the importance of the broad social context in 
which learning takes place. For example, the comprehensive model proposed by 
Ecvies (1985) to explain students’ decisions to enrol in mathematics courses (or opt 
out of them) includes the cultural milieu, the value-system adopted by, or 
attributed to, important socializers, as well as students’ perceptions of the social 
climate in which educational and. career choices are made. 

The pervasive influence of external and societal factors is frequently examined 
when gender differences in mathematics learning are discussed (Leder, 1992). 
Listed among such factors are the influence of important others — teachers, 
parents, members of the peer group — as well as environmental and organizational 
influences. In this chapter, (print) media references to male and female roles, 
achievements, and behaviours are used as a measure of societal attitudes, beliefs and 
expectations, that is, of the general climate in which learning occurs and in which 
educational and career choices need to be made. The sources of interest are 
broader than the ones of earlier work (Leder, 1984, 1986, 1988) in which I 
concentrated on the ways successful females were portrayed in the print media in 
one country and discussed these accounts from a social-psychological perspective. 
This study focuses on print media portrayals in two ostensibly similar countries — 
Australia and Canada — and discusses these media images in two ways — in terms 
ot feminist perspectives as well as the social-psychological approach (the 
expectancy-value theory of motivation) used in the earlier work. Implications of 
the cultural climate described for students’ perceptions about mathematics and its 
relevance to them are also explored. 
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Social Context 



Australia and Canada aic geographically large and have comparatively small 
populations, approximately seventeen million, and twenty-seven million inhab- 
itants, respectively In both countries, the bulk of the population is concentrated 
in a small number of cities. Women comprise approximately 51 per cent of the 
population and just over 40 per cent (41.8 per cent in Australia, 40.8 per cent in 
Canada) of the labour force. Of female employees, 55 per cent in Australia, and 
58 per cent of those in Canada are still concentrated in two major occupational 
groups: clerks and salespersons. Canadian statistics indicate that the proportion of 
women in these traditionally female occupations rose from 55 per cent in 1971 to 
58 per cent in 1986. A comparable increase in such occupations over a similar 
period of time was reported for Australia by Sampson (1993). Data for 1991 show 
that approximately 7 per cent of Australian working women are in managerial and 
administrative positions. Canadian data for 1988 reveal that 10 per cent of the 
female workforce in that country are in such positions. Possible difierences in job 
classification procedures make comparisons such as these problematic, however. In 
both countries, women are much more likely than men to hold part-tinic jobs: 
some 40 per cent and 25 per cent of all female employees in Australia and Canada 
respectively compared with one in ten working males in both countries.^ 



The Print Media 

The media are generally regarded as powerful reflectors and determinants of 
behaviour (Eysenck and Nias, 1978; Faludi, 1991; Jacobs and Eccles, 1985). Jacobs 
and Eccles (1985) reported that parents' beliefs, in general and for their own 
children, about gender differences in mathematics learning became more ster- 
^'otyped after they were exposed to media coverage of a heated debate about the 
more likely reasons (environmental or genetic) for gender differences in mathe- 
matics performance. 'Media absorption’, they argued, ‘involves self-sdccticm 
according to previous attitude’ (Ibid., 1985, p. 24). 

While the impact of television is outside the scope of this chapter, it is 
nevertheless of interest to note that the long-running series, 5 c.V(J/«c Street, often 
cited as an effective enrichment programme for socially disadvantaged children, 
'has achieved a special status as part of the cultural milieu from which children arc 
thought to acquire a wide range of early childhood competencies — early number 
competencies among them’ (Secada, 1992, p. 641). 

There is often concern about the manner in which issues are reported by the 
media. Faludi (1991) stressed the implications of biased reporting on women’s 
lives: 

The Victorian era gave rise to mass media and mass marketing — two 
institutions that have since proved more tflcctive devices for constraining 
women’s aspirations than coercive laws and punishments. They rule with 
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the club of conformity, not censure, and claim to speak for female public 
opinion, not powerful male interests. (Faludi, 1991, p. 48) 

She further argued that incalculable harm was being done by contemporary media 
stories: 

The press was the first to set forth and solve for a maiustrcam audience the 
paradox in women’s lives . . . women have achieved so much yet feel so 
dissatisfied; it must be feminism’s achievements, not society’s resistance to 
these partial achievements, that is causing women all this pain, (Ibid,, 
p. 77, my emphasis) 

Thatjournalists themselves are aware ofthe limitations oftheir own reporting or 
that oftheir colleagues is made explicit from time to time. In an article published in a 
Canadian newspaper, the Globe and Mail, headed in part ‘on the sins and omissions of 
the anglo press’, one columnist described as biases of the English-Canadian media in 
their coverage of Quebec and constitutional issues: blatant distortions, gross mistakes 
and flawed analysis or knee-jerk stereotyping (Gagnon. 1992, p. D3), 

A perceived need to examine how issues pertaining to gender equity, to 
women’s roles and lifestyles are portrayed in the popular press in two apparently 
similar countries. Australia and Canada, served as the stimulus for this contribu- 
tion. Such a review should reveal the broad cultural climate in which students learn 
and in which they need to decide — among other issues — whether or not to 
strive for success in mathematics and whether to continue with mathematics once 
the subject is no longer compulsory. Such decisions have important implications 
for long-term career and life opportunities. The ways in which mathematics 
qualifications act as a critical filter to tertiary courses and apprenticeships have been 
well documented (Sells, 1973; Tobias. 1993). 



The Study 

Two newspapers with a large circulation and readership were monitored over a 
two-week period in April and May of 1992: the G/i>/)c ajid Mail in Canada and the 
in Australia. Articles about gender- equity issues, about women's roles, and 
ones that contrasted female and male lifestyles were of particular interest. The 
Globe and Mail was monitored independently by a second reader. I liter rater 
agreement was 94 per cent. Only articles selected by both readers are included in 
this report. 

Once selected, a content analysis was made of each of the articles using two 
distinct methods. 



Ihe Social- Psychohiiical Approach 

The expectancy-value theory of achievement motivation has been widely used to 
explain and predict behaviour (McClelland et al, 1953). Within this framework. 
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it is argued that individuals are more likely to strive for goals which they value and 
believe they can attain. A description of an occupation as male-dominated and 
‘uncomfortable' or difficult for females affects both the value and perceived 
likelihood of attaining that occupation. Educational paths selected, or advised, (for 
example, participation in mathematics and related careers) are likely to be shaped 
by these perceptions (Eccles, 1985). 

Based on previous media searches, a number of common themes were 
anticipated: that females arc disadvantaged — though the fields in which 
disadvantage might occur were not predicted; that male and female roles continue 
to be different; and fear of success imagery. Relevant to this last category were 
occurrences where success was described as being attained through luck or 
without effort, instances where success in a career was said to have been achieved 
at a personal cost, confirmations that it was more difficult for females than males 
to be successful, and gratuitous references to interpersonal relationships or 
significant others. 

Few if t /.< t Perspecti i r,v 

Three major themes were anticipated, conveniently designated as liberal femii i - 
isms, social feminisms, and feminisms of difference (compare with Mura, Chapter 
19, this volume). Given recent explorations of links between feminist pedagogy' 
and mathematics (for example, Damarin, in press; Jacobs, 1994), an examination 
of print- media publications for feminist themes seemed timely. ' Jacobs (1994), for 
example, argued that ‘aspects of feminist pedagogy can be used to make women 
more willing to study mathematics, and therefore learn mathematics’ (Jacobs, 
1994, p. 12). 

Articles which included explanations of gender imbalance in terms of barriers 
that restricted women’s access to current social benefits and particular sectors of 
the labour market were deemed to be consistent with liberal feminisms if their 
content implied that the imbalance could be eliminated by the removal of barriers 
and the re-socialization of women. In such articles it was often argued that females 
should be given equal opportunities to access the elements of the current social 
system which are defined within that system as positive and desirable. 

Articles which pointed to a gender imbalance and explained this as a result of 
the contemporary social structures, rather than women's fiilure to fit into them, 
were considered consistent with social feminisms. Here the current social structure 
was regarded as a mechanism of domination, oppression and exploitation of 
females so that the structure itself would ne'ed to he changed before women as 
women would be able to participate successfully and willingly in all spheres. 

Items with a theme that gender imbalance was the re'sult, in our culture, of 
the centrality of masculine values and could be redressed only it the positive 
dimensions of women’s nature were identified and promoted, were considered as 
representative of feminisms of difference. In this category experiences, desires and 
spirituality of females would be regarded as essentially different from those of 
males. 
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The three broad feminist perspectives outlined above are not mutually 
exclusive. There is, in particular, an overlap between social feminisms and 
feminisms of difference because both understand women to have different needs 
and experiences from those of men. An important difference between these two 
perspectives is the social feminists' view that the reform of society required to 
include female needs and desires would be for the good of both women and men, 
and that feminine qualities are not necessarily women's qualities, that is, gender 
differences have a social origin. Feminisms of difference, on the other hand, are 
separatist in that they understand these qualities to be essentially female and, 
therefore, that females need different social structures, not only from the current 
ones, but from the ones of males. Both social feminisms and feminisms of 
difference criticize the liberal approach because it identifies women and femininity 
as the problem and implies that women need to be given the opportunity to be 
more like men if they are to succeed. 

The argument that females' experiences and subjectivity are different from 
those of males is common to all feminisms. It is the perceived origin of this 
difference that distinguishes between them: exclusion of women from legitimized 
realms of society for liberal feminisms; the oppressive and exploitative nature of 
legitimized society and of the laws that legitimize that structure for social 
feminisms; and the need to recognize, accept, value, and legitimize essential 
differences for feminisms of difference. All three perspectives point to directions 
in which mathematics might be reconceptualized and new strategies be introduced 
into the mathematics classroom (Damarin, in press; Jacobs, 1994; Mura, Chapter 
19, this volume). 



Results 



Articles dealing with gender-equity issues or highlighting successful women 
appeared in each newspaper for each day the papers were monitored. Their length 
and frequency varied. Some typical examples are shown below. 



• Example 1 
Headline: 
Summary: 



Coding: 



'A prima donna from the start’ 

A Swedish soprano had an incredible debut and became a star 
overnight. 'It was pure luck’, she recalls. Her Austrian husband 
is a baritone. Her sons are now old enough for her not to worry 
when she goes on tour. (Setting: success in music) 

1. Fear of success imagery: success was 'pure luck’, gratuitous 
reference to others. 

2. No evidence of feminisms theme. 



• Example 2 

Headline: '(Jetting mixed messages on being a woman’ 

Summary: A series of articles which convey conflicting messages about the 
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Coding: 



• Example 3 
Headline: 
Summary: 



Coding: 



• Example 4 
Headline: 
Summary: 



Coding: 



• Example 5 
Headline: 
Summary: 



role of contemporary women is summarized. ‘Every working 
woman with children knows what it means to be caught 
between conflicting hopes for herself and the expectations of 
family.’ ‘Even if such things as good day care, understanding 
employers and supportive husbands were universally guaranteed 
to working mothers, I’m not sure that women could ever fully 
avoid the “discontinuity” of a mother’s life.’ ‘Men are still calling 
for the shots.’ 

1. Fear of success imagery: conflict between career and 
motherhood needs. 

2. i) Social feminisms: evidence of imbalance in contempo- 
rary social structures; 

ii) Feminisms of difference: reference to difficulty of 
‘equalizing the roles of men and women’, given the 
centrality of masculine values. 



‘Plans for tougher affirmative action’ 

Tougher penalties should be imposed against employers who 
discriminate against women in the workplace. Smaller com- 
panies should no longer be exempt from the Affirmative Action 
Act. Many companies have ‘done very little to improve oppor- 
tunities for women’. 

Liberal feminisms: gender equity (deemed to be desirable) has 
not been achieved in the workplace but better legislation should 
lead to improvements. 

‘Former dancer keeps House in order’ 

Miss Boothroyd ‘made history’ when she became the first 
woman to be elected Speaker of Britain’s House of Commons. 
As one of sixty women in the 651 member House she had 
earned a reputation for fairness and impartiality as the Deputy 
Speaker. She is ‘a former chorus- line dancer and secretary’. 
(Setting: success in politics) 

1 . Fear of success imagery: ‘It will be a lonelier life than I have 
ever known before.’ 

2. Liberal feminisms: Previous experience (her record as 
Deputy Speaker) indicates that she is able to overcome real and/ 
or perceived barriers and to compete successfully in a tradition- 
ally male domain. Her performance has been, and is likely to 
continue to be, judged by male standards. 

‘Women coming to grips with math ghost’ 

Like other students, female student teachers often find mathe- 
matics more difficult than their male peers. Many universities 
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have now introduced courses ‘explicitly aimed at eradicating 
math phobia’. Schools are also more aware that girls need to be 
encouraged in mathematics classes. 

Coding: 1. Perpetuation of stereotype: Females often have more diffi- 

culty than males with mathematics. 

2. Liberal feminisms: Females should aim to perform equally 
with males. With appropriate assistance, there need be no 
differences in the performance of females and males (in mathe- 
matics). 



Discussion 

Both newspapers contained articles with fear of success imagery and feminist 
themes. A number of these focused on the flue of females generally. In others the 
metaphors were introduced in stories about specific individuals. The lack of 
progress made towards gender equity was discussed in several articles. 

Both newspapers contained articles which confirmed that females were 
widely disadvantaged — in politics, in the arts, in the workforce generally, in jail, 
in the lifestyle thrust upon them. Several of these stressed differences between 
groups while ignoring differences within groups. Interesting’/, males were 
described as being disadvantaged in one (Canadian) article, femaies as being 
specifically advantaged in two (Australian) articles. One of the latter described 
females' higher pass rates at senior high-school level in a wide range of subjects. 

In both newspapers there were descriptions of affirmative action practices, 
with ‘Women fighting back’ the dominant theme in tw’o of the (Canadian) 
articles. 

Comparisons between gender and race discrimination were made in several 
of the (Canadian) articles. During the two-week period monitored, this more 
complex issue did not attract the attention of the Australian media. 

The daily appearance of articles which confirmed traditional stereotypes, 
dwelt on the difficulties faced by females, stressed family-career conflicts 
experienced by them, focused on societal pressums and/or the prevalent 
acceptance of male standards and values is noteworthy. While the frequency with 
which they appeared, as well as their placement in the paper (rarely on the front 
page) should be balanced against the large number of other issues discussed each 
day, their impact should not be underestimated. A further, intensive testing ot 
Jacobs and Eccles’ (1985) conclusion that ‘media absorption involves self-selection 
according to previous attitude' (p. 24) is clearly warranted. Identifying, discussing, 
and exploring the origins of the areas of disadvantage depicted (for example, 
unequal opportunities for participation in selected areas, social or organizational 
barriers, the [in]appropnateness of using male behaviours or standards as the norm) 
may serve to counteract negative images and point to constructive initiatives for 
the mathematics classroom. 



.j. 






123 



Gilah Lcdcr 



Concluding Comments 

Gender differences in mathematics learning have attracted much research atten- 
tion. Reference is frequently made in this work to the influence of the social 
climate and environmental factors. An examination of the contents of two large 
and widely read metropolitan daily newspapers published in two different, higlily 
industrialized countries, revealed the regular inclusion of articles which more 
frequendy confirmed, than challenged, established male values and powder 
structures, and dwelt on traditional stereotypes and the difficulties faced by females 
in particular in juggling professional and personal pressures. The impact of these 
messages on adolescents and their parents requires careful monitoring. Meanw’hile, 
it appears that the subtle messages conveyed in the popular press are consistent with 
small but consistent differences in the ways females and males perceive and value 
mathematics and related careers as appropriate for themselves. 



Notes 

1 An earlier version of this chapter was presented at the KWME Study (^roup held as 
part of the lCME-7 in Quebec Ciw. Canada. August 1992. 

2 Sources: MemcM at Work (1991) 13. 3. Australia, pp. 12-13 and 1992 Cauada \c(ir Book. 
Ottawa. Statistics Caiiacii. 

3 The contribution ofjulianne Lynch to thb analysis is gratefully acknowledged. 
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Chapter i 4 



Gender Inequity in Education: A 
Non- Western Perspective 



Saleha Naghmi Habibullah 



In this chapter, I challenge the popular notion that western strategies for 
overcoming gender inequity in education are likely to be equally efl'ective in non - 
western societies. In my opinion, there is a direct link between a country's socio- 
cultural conditions and the manner in which its people perceive and react to the 
issue of gender imbalance. For this reason, there exist enormous differences 
between the western world and many of the developing countries regarding this 
issue. Consequently, for many years to come, short-term goals and strategies for 
educational improvement will have to vary across countries in accordance with 
economic conditions and socio-cultural realities. In this regard, I suggest that a 
broad-based programme of research may prove to be veiy beneficial. 

The issue of gender inequity in mathematics education must be considered in 
conjunction with the broader issue of gender imbalance in education as a whole. 
In this regard, it is important to understand the differences between the 
educational contexts in the underdeveloped and the developed worlds. From a 
purely theoretical viewpoint, one of the primary goals of education is to foster the 
development of the human mind so that individuals are able to make appropriate 
choices, succeed in professional and familial spheres, and indulge in a variety of 
creative activities in accordance with their inherent potentialities. While there is 
little doubt of this being an ideal that every country should aspire to in the long 
run, the sheer heterogeneity of today's world requires flexibility, thoughtfulness 
and careful consideration ot what is and what is //()/ feasible in a particular culture. 
Although we may overlook differences in the history, culture, and socio-economic 
conditions within each of the developed and underdeveloped realms, the 
disparities that exist between them cannot be ignored. Numerous facilities that are 
taken for granted in affluent societies may be searce or absent in poorer nations. 
Furthermore, soeial norms considered appropriate in many non-western countries 
may be deemed completely unacceptable in western culture and vice versa. Taking 
these observations into acccnint, it is clear to me that short-term educational goals 
must vary across countries in accordance with local cultural fictors and socio- 
economic conditions. 
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The particular characteristics of each country, such as the socio-economic and 
cultural factors alluded to above, have a direct bearing on the manner in which its 
people perceive and react to the issue of gender inequity. As such, gender inequity 
in education does fwt present similar concerns in all parts of the world. A number 
of arguments can be employed to elucidate this observation. First, in countries 
where the procurement of basic necessities is the primary concern, gender- 
equitable education has a much lower priority. In such countries, for possibly 
many years to come, it may be only fair to focus the limited resources on poverty 
reduction, rather than on gender equity in education. Similarly, and this brings me 
to my second point, in countries with high illiteracy rates, and in some cases 
considerably higher illiteracy rates among women than among men, it is probably 
only fair to make reducing illiteracy a matter of top priority. Only after this has 
been achieved, c n resources be devoted to more subtle issues such as reform jf 
the male-oriented primary and secondar)^-school mathematics curriculum. 

Third, in countries where, for religious or historical reasons, the male adult 
is accepted as the bread-winner for the family, pursuit of employment is a much 
greater concern for men than for women. Given the link between advanced 
education and higher paid jobs, it is not surprising that, in such countries, boys are 
more likely to aspire towards higher education. In such societies, efforts to reduce 
gender bias at the primary and secondary levels of education may prove to be more 
successful than attempts to reduce gender imbalance in higher education. 

Finally, in societies where, for religious or cultural reasons, boys and girls 
receive their education at separate schools and colleges, the manifestation of 
gender inequality might be quite different from that in coeducational situations. 
At the secondary -school level, girls in sex-segregated classes probably enjoy a 
greater degree of self-confidence and freedom of expression than those in 
coeducational environments who might feel intimidated by the presence of boys 
who are generally more assertive. At the post-secondary level, however, lack of 
conmiunication with male counterparts may reduce girls’ exposure to situations 
outside of the domestic world and, as a result, hinder their intellectual develop- 
ment. 

The unifying thread of the above discussion is the fact that historical, religious, 
socio-economic, and cultural realities all combine to shape a country’s educational 
system as well as the mode of behaviour, the value-system, and the aspirations of 
its people. As previously mentioned, the phenomenon of gender inequality in 
education does not manifest itself in an identical fashion around the globe, and 
ther." is enormous diversity in how different peoples perceive and react to the issue. 

I have attempted to show’ that it would be impossible to develop a uniform strategy 
for educational improvement in all parts of the world. While the equitable 
development of humanity should remain the long-term universal goal of 
education, short-term educational objectives for a particular region of the world 
will necessarily have to be in rccordance with local needs. 

To this point, the western movement for gender equity in education has not 
given adequate recognition to the aforementioned realities. In order to develop a 
broader, less westernized view regarding the issue of gender imbalance, to widen 
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people’s understanding of cross-cultural differences, and to formulate appropriate 
strategies for educational improvement in different pares of the world, it is of the 
utmost importance that we explore and study in detail the socio-economic and 
cultural conditions of various countries. Such studies will necessarily have to focus, 
not only on economic conditions and educational and employment structures, but 
also on socio-cultural norms including people’s beliefs, value-systems and 
aspirations. Comparative studies may prove to be extremely useful in ascertaining 
differences and similarities between nations, in determining the benefits and 
drawbacks of a variety of educational systems, and in the formulation of strategies 
for educational improvement in various parts of the world. In order to accomplish 
this objective, scholars from around the world should collaborate in the creation 
of a comprehensive, broad-based programme of research. 
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Gender and Mathematics: The 
Singapore Perspective 



Berinderjeet Kaur 



Introduction 

Over the last two decades, a major focus of educational research has been the 
investigation of sex-related differences in learning mathematics . Ckmder difler- 
ences in mathematics education have been shown to be complex and influenced 
by the interaction of a variety of social factors, and hence to vary considerably 
across cultures (Ethington, 1990; Hanna, Kiindigcr and Larouche, 1990). In the 
case of Singapore, only a handful of studies to date (Chung, 1985; Kaur, 1987; 
Leuar, 1985; Ministry ofEducation, 1988; Tan, 1990; Tanzer and Sim, 1991) have 
contributed to the growing body of literature in this area. This chapter presents 
the Singapore perspective on gender issues in mathematics education through a 
review of the available Singapore research and discussion of their findings. 



Review of the Literature 

Two separate studies by Chung and Leuar, both in 1985. examined the relationship 
between gender and mathematical ability. Each study used a sample of first-year 
junior college (age 17 years) students selected on the basis of their mathematics 
grades in the GCE O -level (General Certificate in Education Ordinary Level) 
ex Miiination, a national examination written by all students at the end of their 
tenth year of formal schooling (age 16 years). 

Cluing (1 985) 

In her study. ('!hung examined the differences in attitudes and expectations of 
eighty students, ot whom fifty had O-level mathematics scores of 70 per cent or 
more (the ‘high’ group), and thirty had scores between 50 and 59 per cent (the 
iow’ group), with equal numbers of males and females in both groups. The 
assessment instrument employed was a questionnaire comprising thirty-eight items 
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adapted from the International Project for the Evaluation of Educational 
Achievement (Husen, 1967) and the Sandman (1979) Mathematics Attitude 
Inventory. 

All respondents in the study viewed mathematics as an important subject, 
useful in the ' .v/rkplace as well in so<. iety at large. While individuals in the 'high’ 
group considered mathematics to be more important than those in the 'low’ group, 
there were no significant gender differences. Males were found to be more 
confident than females of their ability to learn mathematics, with subjects in the 
'high’ group demonstrating a greater degree of confidence than their 'low’ -ability 
counterparts. In terms of enjoyment, again there were no significant gender 
differences, but students in the ’high’ group enjoyed mathematics more than those 
in the ’low’ group. Only male members of the ’high’ group believed in the 
common stereotype of mathematics being a male domain and, other than the fact 
that males in both groups preferred trial and error methods of problem-solving, 
no significant gender differences were found in students’ views of the nature of 
mathematics. Some differences were found in students’ career aspirations however. 
Although more females than males indicated an interest in accounting, a majority' 
of male students indicated an interest in studying engineering at university, and 
teaching appeared to be the predominant career preference for females. 



Uiuir(1985) 

Lenar’s investigation was confined to 163 students (ninety-one boys, seventy-two 
girls), aD of whom had obtained good results in O -level mathematics and were 
currently studying two advanced mathematics courses. Again, a questionnaire was 
employed. The issues investigated included: the extent to which students like 
mathematics compared with other advanced subjects studied; students’ opinions as 
to whether girls or boys perform better in mathematics, science, and English 
language comprehension and communication; students’ views on the usefulness 
and practicality of mathematics; and, whether students required the assistance of 
a private mathematics tutor. 

Data from the study indicated that, although their levels of achievement in 
O -level mathematics were similar, males significantly outperformed females on the 
mathematics test taken at the end of the first year of junior college. Both sexes 
displayed similar patterns of affinity towards mathematics and both believed that 
males would do better in mathematics, although the boys surmised that girls would 
fare better in English language comprehension and communication. Regardless of 
sex, a majority of the subjects believed in the practical utility of mathematics, but 
did not know whether mathematics would be useful to them in their future 
studies. Very few of the study’s participants had a private tutor, and most worked 
independently with cHcasional help from friends and teachers. 
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Kaur(1987) 

In her study of gender differences in mathematics attainment, Kaur analysed 
performance on specific topics in the 1986 Singapore-Cambridge O-lcvel 
examination in mathematics. The examination consisted of two papers, each of 
which assessed students’ understanding of basic mathematical concepts and 
applications, as well as their ability to demonstrate this clearly in writing. The 
examination questions were classified by topic, level of cognitive complexity, and 
the degree of spatial ability required, and the points earned for each part of a 
question on both papers were recorded for use in data analysis. From a population 
of 42 627 examination candidates, with girls slightly outniimbei ing boys, a 
random sample of 176 was drawn with equal representation of the sexes from each 
of six achievement levels. 

Overall, boys significantly outperformed girls on the compulsory questions. 
More specifically, boys did significantly better than girls on the following 
compulsory topics: mensuration, statistics, arithmetic, geometry, and probability. 
Girls, on the other hand, excelled in the areas of algebra and graphing. While boys 
surpassed girls on the questions testing spatial ability and cognitive complexity, no 
significant gender differences were found in the areas of ‘computation and 
problem-solving. On optional questions, girls preferred problems requiring 
algebra, graphs, and 2' dimensional vectors, while boys’ only marked preference 
was mensuration. 



A/n/67;y ofEducatio}! (1988) 

The Ministry of Education's study, as reported in Yip and Sim (1990), focused on 
the relationship between examination pertbrniance, gender, and birth-month for 
primary students who sat the PSLE (Primary School Leaving Examination) during 
the period 1977 to 1987. The findings indicated that at the age of 9 years, girls 
outpertbrmed boys in their first language, usually English, their second language, 
usually the mother-tongue, and in mathematics. Students born earlier in the year 
also performed better than those born later the same year. By the time they sat the 
PSLE at 12 years of age, girls had maintained their superiority’ over the boys in the 
two languages, while the boys outperformed the girls in mathematics and science. 
Once again, those born earlier in the year seem to enjoy an advantage in terms of 
enhanced performance. 



Tvi (1990) 

The focus of Tan's study w,is on mathematics achievement, mathematics anxiety, 
and locus of control. More specifically, he foc used on these areas in the context 
ot differences between males and females, and between arts and science students. 
The participants in the study cc^mprised 558 16-year-old students chosen from six 
secondary schools, with approximately ec|ual numbers of students in each of the 
four gender-stream groups. The instruments used in the study were the Fennema- 
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Sherman Mathematics Anxiety Scale, and a Mathematics Achievement Locus of 
Control Scale and Mathematics Achievement Test, both developed by the 
researcher himself specifically for the study. 

A stepwise multiple regression analysis was performed with gender, stream, 
mathematics anxiety, and locus of control as independent variables, and mathe- 
matics achievement as the dependent variable. The results of this analysis showed 
stream to be the best regressor, followed by locus of control and, thereafter, 
mathematics anxiety. Gender was not a significant regressor, implying that 
mathematics achievement was not linked to the sex of the subject. Furthermore, 
a two-way analysis of variance showed no significant interactions between gender 
and stream for each of the dependent variables, mathematics achievement, 
mathematics anxiety, and locus of control. There were, however, significant 
differences in all three dependent variables between arts and science students, with 
science students outperforming arts students in mathematics, exhibiting less 
mathematics anxiety and being more likely than arts students to attribute control 
to internal factors. Indeed, the correlation between locus of control and 
mathematics achievement was observed to be significantly stronger in the case of 
arts students. 

Tau<erivid Sim (1991) 

Tanzer and Sim’s study examined self-concept and achievement attribution of 
primary-school students. Eight schools were chosen at random to participate in 
the study, with the proviso that the sample be representath e of the different types 
of institutions existing in Singapore. From these schools, a sample of 1 145 students 
was drawn, with 41 per cent aged 10 years and the remaining 59 per cent aged 12 
years, and roughly equal numbers of boys and girls. The students represented a 
diversity of socio-economic backgrounds and their ethnic composition was a 
replication of the actual population, that is, 82 per cent Chinese, 1 2 per cent Mai 
5 per cent Indian and 1 per cent from other ethnic groups. A battery of scales 
measuring self-concept, achievement attribution and test anxiety’ were admin- 
istered to the students in their respective classes by their teacher. 

Gender differences in self-concept and attributional styde were found to be 
domain-specific and consistent with prevailing stereotypes. In the younger age 
group (10-year-olds), boys' self-concept in regards to mathematics and school in 
general was higher than that of the girls, but this difference decreased with age. In 
addition, the younger boys were more likely to attribute their success in 
mathematics to effort than the girls were. Older students (12-year-olds), moie than 
younger students, and irrespective of their gender, attributed their success in 
reading and in mathematics to external factors, such as luck and ease of task. Girls 
more readily than boys believed that failure in mathematics was the result of low 
ability^ and failure in reading and in mathematics were attributed to poor effort 
more by the older students than by the younger ones. In addition, the older pupils 
were likely to view such failures as more the result of external than internal 
circumstances. 
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Discussion 

Examinations play a vital role in Singapore’s educational system (Yip and Sim, 
1990, p. 147), The studies conducted by both Kaur (1987) and the Ministry of 
Education (1988; Yip and Sim, 1990) utilized available national examinations, and 
therefore, were able to involve the entire cohort of students at the desired levels. 
In terms of overall achievement in mathematics, the findings of both studies 
concur with the results in the wider body of related literature. However, the 
finding of no significant gender differences in the area of computation and 
problem-solving (Kaur, 1987) is in conflict with research findings from other 
cultures (see, for example, Sabers, Cushing and Sabers, 1987; Martin and Hoover, 
1987). A potential explanation for this may lie in the fact that the preparation of 
students for the GCE O-level examination involves a substantial amount of time 
being ^pent practising previous examination questions and that the problem- 
solving questions included in the examination arc quite routine. 

What cannot, however, be achieved through a process of drill and practice is 
conceptual understanding of mathematics. At the advanced level of study in 
mathematics, where an in-depth understanding of the subject is vital, boys were 
found to outperform girls (Leuar, 1985). Improving girls’ conceptual under- 
standing of mathematics may, indeed, be the key to improving their mathematics 
achievement at the secondary level. 

In contrast with Kaur's (1987) findings. Tan (1990), as previously mentioned, 
found no significant gender differences in mathematics achievement, mathematics 
anxiety; and locus of control among 1 6-year-olds. He suggests that the tenuous 
relationship between affective variables and achievement may be the result of the 
rapid modernization of Singapore society, and consequent emancipation of 
women. However, since his sample was not designed to be representative of 
1 6-year-old Singapore students, generalizations should be treated with caution. 

At present, there is no comprehensive study of Singapore students which 
might indicate the direct and indirect influences on achievement levels and 
orientations towards the learning of mathematics. In. describing models of 
achievement behaviour, Ethington (1992) ascribes difterent paths to males and 
females. Support for this model is found in three of the studies reviewed here 
(Chung, 1985; Leuar, 1985; and Tanzer and Sim, 1991), which suggest that there 
may be ditferent paths to understanding for male and female Singapore students. 



Conclusion 

At 16 years of age, boys outperform girls at O-level mathematics, a compulsory 
subject in Singapore schools. Given that a pass in mathematics is essential for entry 
to most tertiary institutions, why then do females appear to be lagging behind? 
Singapore is a traditionally male-dominated society in which mathematics and 
related skills are regarded as strictly male capabilities. Malathy (1992) argues that, 
as a result, girls tend to shy away from this ‘masculine pursuit' and she suggests that 
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the key to change may lie in the reform of teaching. In a furly recent 
comprehensive review on mathematics education in Singapore, Khoo et al. (1991, 
p. 29) state that ‘many questions remain to be explored in the area of gender and 
mathematics attainment, least of all, the true extent of any difference and the 
factors that may possibly account for the difference’. It is clear that more 
comprehensive, Singapore -based research will be necessary in order to assess the 
extent of any gender-related differences in mathematics education and develop 
strategies for redressing any observed imbalance. 
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Gender and Mathematics Education in 
Papua New Guinea 



Neela Sukthankar 



Introduction 

At 14 years of age, Jenny is the oldest of six children. She serves as a secondary 
mother figure in her home, performing household duties such as cooking, 
cleaning, and looking after her younger siblings. She barely has suflicient time to 
go to school, let alone study enough to make attendance worthwhile. While this 
scenario may sound extreme, it is in no way atypical in a country like Papua New 
Guinea where the average family has five or six children. As in any other country, 
culture, social beliefs, and traditions all play an important role in the education of 
females. But, situations like the one described above serve only to widen the rift 
between male and female students. The aim of this chapter is to investigate the 
cultural issues affecting the education of females in Papua New Guinea and to 
suggest ways of improving the quality of their mathematical education. 



Female Enrolment in the Education System 

Papua New Guinea is a country comprised of countless, small, isolated commu- 
nities with 700 dialects and numerous counting systems (Lean, 1987). Most people 
speak cither Pidgin or Motu in addition to their village language. According to 
National Statistics Bureau data for 1988, 86 per cent of the population lives in rural 
areas where good schooling is hard to find. Children are forced to walk long 
distances in order to attend school and parents arc reluctant to send their daughters 
under these conditions out of concern for their safety. While international schools 
with good educational facilities exist in the cities, they are far too expensive for the 
average salaried Papua New Guinean citizen to afford. 

There is a substantial difference in the number of male and female students 
enrolled at the primary and secondary-school levels, with males outnumbering 
females. The gap increases at the tertiary level (Guthrie and Smith, 1980). This 
situation is in marked contrast to that in many developed countries where primary 
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and secondary education is paid for through taxation and hence is mandatory. 
While having to pay to educate one’s children does not create problems for the 
affluent, families with limited means are forced to make choices. In these 
circumstances, research has shown that families choose to educate their sons before 
their daughters. This is the situation in Papua New Guinea. In short, the issue can 
be linked to the level of education which the parents themselves have received. In 
families in which both parents were educated, it has been found that daughters 
enjoy better opportunities for schooling. Female students at a variety of scholastic 
levels in Papua New Guinea, including those participating in distance-education 
programmes, were found to have originated from backgrounds in which the 
parents were educated (Oliver, 1985), 



Social and Cultural Influences 

The social differences between men and women are reflected in the choices they 
make at school and university. Certain subjects such as woodwork, metal work, 
and the sciences are favoured by men, while others such as home economics, 
textiles, and child care are designated for women. Moreover, female students arc 
expected to be docile and retiring in an atmosphere which generally equates 
boldness and flair with success. The ramifications of this arc particularly serious in 
mathematics and science. Often the contradictions of being a women in science 
or mathematics are so overwhelming that females opt out in favour of arts- related 
subjects. Furthermore, since the learning potential of women is not valued, it is 
not encouraged. Unfortunately, this attitude is not confined to families, but is also 
institutionalized in girls’ organizations such as the girl guides and brownies. In 
essence, these groups undermine the role of women in the workplace, by awarding 
badges for demonstrating skill mainly in such stereotypical female-roles as 
‘homemaker’, ‘childminder’, and ‘home nurse’. In this way, Papua New' Guinean 
society places limitations on the spheres of activity in which a woman is permitted 
to develop a competitive spirit. These are a few of the ways in which social norms 
convey a different set of expectations for males and females, creating different 
lifestyles for each sex, with women viewed as subordinate to men. The good news 
is that there arc signals that the situation is slowly improving in the cities where, 
as a result, the sex -related differences are gradually diminishing as well. 

In Papua New Guinea society, a multitude of social and cultural customs 
combine to influence gender differences in education. At a broader level, it is also 
possible to identify certain customs that communicate information about sex-roles 
and sex-appropriate behaviour. One of these is the established system of ‘bride 
price’. According to this practice, one which serves only to objectify women, a 
wife is ‘purchased’ from her parents by the bridegroom’s family. Since a women’s 
level of education is not valued it is not reflected in her ‘price’. This custom is so 
pervasive that, even among well-educated families, the male child is provided with 
a good quality international education, while the female child is relegated to an 
inferior community school which continues to propagate the popular belief that 
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a woman’s life should be centred on her family, her home, and church affairs. 

It should now be evident that any attempt to improve the quality of women’s 
education must first and foremost focus on changing the society’s attitudes towards 
women. These social attitudes which perceive women as inferior beings have, as 
already noted, been institutionalized by the society within its educational system. 
Admittedly, mathematics and science are considered to be ‘male subjects’ in many 
developed countries as well. But in Papua New Guinea, not only do males 
outperform females in these subject areas, they are expected to do so. Numerous 
remedial measures have been taken to combat the damaging attitudes that lead to 
such expectations. Although not common in Papua New Guinea, one measure 
that some countries are experimenting with is sex-segregated schooling. In Papua 
New Guinea, while most schools are coeducational, many provincial schools have 
single-sex classes in certain subject areas. For instance, it is normal practice for girls 
to study home science while boys do woodwork. While it appears that girls 
consistently perform better in these gender '-specific classes, it is difficult to say how 
much of this can be attributed to segregation in itself since teachers expect girls 
to do well in these so-called ‘female subjects’. 



Mathematics Education 

The majority of the population of Papua New Guinea, as noted above, lives in 
rural areas far removed from urban requirements of accounting, measuring and 
calculating. For the most part, then, the role of mathematics in people’s daily lives 
is limited to elementary arithmetic. It is small wonder that children from rural 
backgrounds find it hard to accept the value of abstract mathematical ideas. Added 
to this, while it is true that women are officially encouraged to play an active role 
in the development of Papua New Guinea, the majority of them do not even have 
the opportunity to obtain a secondary education. Women pursuing higher-level 
mathematics in present-day Papua New Guinea are pioneers. Naturally, this means 
they face several obstacles, among them the fact that they have few female role 
models, their teachers being predominantly male. It is imperative, therefore, that 
any strategy designed to produce gender equity in mathematics education, should 
focus not only on encouraging more female students to take mathematics, but also 
on recruiting more female educators. 

An associated problem arises because mathematics is the basis of fields such as 
engineering, the applied sciences, architecture and accountancy, all areas in which 
few Papua New Guinean women currently participate. Evidently, unless a woman 
takes an extraordinary initiative, she is not particularly encouraged to fulfill the 
prerequisites for securing admission to university courses in these traditionally 
male subjects. Achieving gender-equity in inathematics will hopefully result in 
women having opportunities to work in these areas as well. 
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Working Women 

Although Papua New Guinean society is still niale-doininated, change is taking 
place in the cities. A few women have managed to secure professional positions as 
managers, doctors, lawyers, secondary-school teachers, and university lecturers. 
However, most women who have found their way into the workforce perform 
jobs that do not require an advanced knowledge of mathematics. For instance, they 
are employed as typists, receptionists, domestic labourers, preschool or elementary 
teachers, nurses, and hospital orderlies. Primary-school teaching requires only 
elementary arithmetic and geometry. Secretarial work necessitates a basic 
knowledge of word processing and familiarity with fax machines, while jobs in 
banking and the travel industry require a modest level of experience with 
specialized computer packages. Nevertheless, while these jobs require some 
familiarity with technolog>\ the related tasks are generally routine and require little 
in-depth understanding of the processes involved. 



Learning Mathemarics 

Although mathematics is often called a universal language, there are a number ot 
very real problems associated with students being forced to learn mathematics in 
a language other than their own. In Papua New Guinea, mathematics is most often 
taught in English which, for many students, is their second, or even third, 
language. As a result, in trying to understand a mathematical problem, students 
may have to resort to multiple translations. While English-speaking students can 
easily translate English words directly into their mathematical equivalent, those 
who speak English as a second language often find it necessary to translate words 
into their native language first. The situation is further complicated by the fact that 
many English concepts are quite unfamiliar to Papua New Guinean students and 
important aspects of a concept might conceivably be lost in the translation. 
English-language difficulties may also interfere with students’ abilities to solve 
problems, for example because they find it hard to translate English statements into 
mathematical language. When the correct mathematical interpretations are 
provided, students arc usually able to perform the mathematical steps required to 
arrive at a solution. But, without a firm understanding of English granmiatical 
rules, students might have difficulty in constructing logical statements and writing 
analytical explanations. 

Spatial skills, visual-processing abilities, the development of time concepts, 
and the use of comparatives are all areas in which student weaknesses have been 
identified (Priest, 1983; Sullivan, 1982). There are many time concepts extant in 
Papua New CUiinean culture, and several clear and unambiguous ways of 
comparing objects and situations. Unfortunately, many students do not learn these 
concepts in their own language and context since they are sent to school at a time 
when they would normally be learning these ideas at home. In western countries, 
prcscliool teachers, as well as elementary teachers, devote considerable time and 
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effort to having students use comparatives in a variety of contexts. Children also 
have access to construction toys such as ‘LEGO' which help develop their spatial 
skills. Furthermore, teaching is based on language skills which the students already 
possess. In contrast, Papua New Guinean students must learn the language of 
instruction at the same time they arc expected to learn the mathematical concepts. 
In view of this, it is hardly surprising that they would develop skill in time tasks 
and the use of comparatives more slowly than their western counterparts. 
Undoubtedly this has a substantial impact on Papua New Guinean students’ 
development of many higher-order mathematical concepts and procedures, such 
as in arithmetic, which depend on a solid understanding of these earlier concepts. 
A potential danger is that instructors may try to compensate for this by resorting 
to rote methods of teaching simply because the students have not developed a 
satisfactory comprehension of the prerequisite ideas. All of the foregoing might 
help to explain why as has often been observed, Papua New Guinean students sit 
quietly in the classroom and are reluctant to participate in class discussions. 



Conclusion 

In this chapter I have identified a number of social and cultural issues in Papua 
New Guinea that contribute to disadvantaging girls in mathematics education. 
Other difficulties such as the language issues raised in the previous section, while 
common to all students regardless of gender, serve to compound the problem for 
female students. The quesf*on at hand is how can gender differences in 
mathematics education be addressed? 

Some social reformers have attempted to use western strategies to deal with 
these problems without taking into account the deep cultural difl'erences that exist 
and the centuries of deeply instilled traditional values that stand in the way of 
reform. For example, attempts to evoke change by using gimmicks such as 
mathematics medals, or competitions for girls, have resulted in complete fihlure. 
So have suggestions that the government create a separate examining board and a 
'female curriculum' for girls. Instead, reforms that are grounded in an under- 
standing that ‘Rome was not built in a day' have been found to be more successful, 
especially in small, rural communities which resist sudden change. One such 
programme has worked within the cultural parameters c^f society and gently 
presented mathematics as an interesting and viable alternative to housewifery. The 
success of this particular approach is yet to be evaluated. 

Many politicians and educators are optimistic that women are beginning to 
share equal educational opportunities. Rising tertiary enrolments and an increas- 
ing number of women in the workforce have been cited as example's. As yet, 
henvever, there are no indicatiems that the situation is imprewing in the rural areas, 
but as more schools are built one expects progress to be the natural consequence. 
At the same time, there is a frightening phenomenon which overshadows the 
rural-urban debate. Law-enforcement officials have noted a rising level of violence 
against women. Even worse than the violence itself is the fact that traditionalists 
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have attributed it to the social reforms which have taken place since independence 
(Toft, 1985). Educational reforms have made it possible for women to have greater 
control of their lives as well as the right to demand an education. Traditionalists 
claim it has also resulted in the loss of male authority and that the violence is 
merely a way for men to protest against the disruption of their lives. The key to 
improving the quality of women’s lives might well be extensive legal and social 
reform aimed at eliminating harmful traditional attitudes, rather than focusing on 
the symptoms, namely, women’s low educational qualifications. 
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The French Experience: The Effects of 
D e-Segregation 



Franfoise Delon 



Introducrion 



France has a higher proportion of female university teachers and researchers in 
mathematics (24 per cent) than many other countries (Barsky ct ai. 1987). This 
is often explained in part by the existence of the ENSs (Ecoles Normales 
Siiperieures), from which many of these teachers derive, and which until recently 
were single-sex institutions. The move to coeducation has had disastrous 
consequences for the number of women studying mathematics. This chapter 
explores some of the reasons for the ENSs' historical success in producing female 
mathematicians and raises some concern about recent developments. 



The ‘Ecoles Normales Superieure’ System 

The French system of higher education consists of state-funded universities with 
national standards, and ‘Grandes Ecoles'. The latter may be privately or publicly 
funded, possess varying entrance requirem-. i.ts, andoffer a variety' of programmes. In 
comparison with universities, the ‘Grandes Ecoles' prepare students for careers (for 
example, political, educational, administrative, commercial) and as such, have two 
complementary roles: the reproduction of the power elite and social advancement. 
They recruit by means of competitive examinations for which candidates study for 
two or three years after receiving their high-schoc')! diploma. Amongst the most 
prestigious of these ‘Grandes Ecoles', are the ENSs which have very high entrance 
standards and admission success rates varying between 5 and 8 per cent. 

Students spend three or four years at the ENSs, often taking courses as well 
as examinations at a local university'. While the (original purpose of the ENSs w.is 
solely to produce secondary-school teachers, the range of career options now- 
available is bn>ader, including university teaching and research, and all forms of 
public-sector occupations especially in the senior administrative levels. In a variety- 
of disciplines, including mathematics, many university teachers as well as 

... o ^ 
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researchers come from the ENSs. Consequently, ENS students enjoy a very high 
reputation in the universities and research institutions. Other advantages offered by 
the ENSs to their students are excellent conditions for learning and a network of 
information and professional relations to assist them in achieving their professional 
goals. 



The Move to Coeducation 

When the French State established a public, secular system of education in 
opposition to the existing religious one,, it also created the ENSs with the role of 
training teachers for the new secondary schools. The oldest ENS was created at 
the rue d'Ulm in Paris and began functioning under Napoleon, at the start of the 
nineteenth century. Sevres and Fontenay, both for women only, and Saint-Cloud 
(for men) were formed at the end of the nineteenth century. The ENSET (Ecole 
Normale Supericure de TEnseignenient Technique), created in 1912, was 
coeducational from its beginning. The ENSET Saint-Cloud, and Fontenay 
schools attracted students from predominantly modest social backgrounds, while 
Ulm and Sevres recruited students from high schools attended only by children of 
the bourgeoisie. 

With the passing of the years, the policies of the different ENSs have been 
unified, although there arc still noticeable differences in the social backgrounds, 
professional futures, and ideologies of their students. While there is no clear 
liierarchy among the other ENSs, Ulm, traditionally a men’s school (with some 
nuances, see Hulin, 1994), is definitely the most prestigious. Several famous 
politicians, writers, and scientists are alumni of Ulm, and the institution prides 
itself on being the route to a brilliant career. It is considered the ‘temple' of 
intellect and academia. The situation at Sevres has evolved over time (Mayeur, 
1994; Hulin, 1994), and has always been ambiguous. Despite sharing its entrance 
examinations and official statutes with Ulm since 1936, the faculty and alumni at 
Sevres arc not as powerfully established in the university community. Indeed in 
1981, at the celebration of the centenary of Sevres, while acknowledging that the 
ENS at Sevres had accomplished part of its role in that women now have access 
to knowledge, several officials pointed out that women had yet to accede to power. 
Whether they were referring to the male-dominated world of politics, or to power 
in the intellectual world is not clear. However, what is certain is that they appeared 
to believe that women had no further need for the protective structure of the 
women's ENSs and, in fact, were perhaps even disadvantaged because of the 
poorer reputation of their schools. Soon after this event followed first the merger 
of Fontenay and Saint-Cloud, and then Sevres and Ulm, without any serious prior 
analysis as to the possible consequences. The mergers did not prove to be 
favourable to women in any discipline (Ferrand, 1994). However, in no subject 
were the consequences as disastrous as in the area of mathematics, and at this point 
it would be appropriate to turn to a consideration of this phenomenon. 
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The Situation after Coeducation 

The mathematics requirements of the entrance examinations for the individual 
ENSs were all identical. Furthermore, within each of the pairs, Sevres/Ulm and 
Fontenay/Saint-Cloiid, the written examinations were common, although assess- 
ment was done independently. In the past, each institution had a certain number 
of designated places for mathematics, about forty for the men’s schools and about 
twenty for the women’s schools (fewer females applied). In the eight years since 
the merger of Sevres and Ulm, only twenty- one females have entered mathe- 
matics. According to Ferrand, Imbert, and Marry (1993) this amounts to a decline 
in the numbers of female mathematicians in these years of over 80 per cent. 

Several factors contribute to this alarming statistic. Within the preparatory- 
classes for the scientihe ‘Grandes Ecolcs’, between 15 and 20 per cent of students 
in the most mathematically challenging sections are women (Barsky et d/., 1987). 
However, the corresponding figure stands at only 10 per cent in the most 
prestigious high schools which furnish the majority- of ENS students. Here one 
finds the most dramatic form of the lingering estrangement that girls demonstrate 
where mathematics is concerned throughout their schooling. They often attribute 
their reluctance towards pursuing the subject to its 'abstraction’ or its remoteness 
from human concerns (Mathematiques a Venir — Operation ‘50 lycees', 1988). It 
is important to realize, however, that in France mathematics is used as a gatekeeper 
to higher education and that an interest in mathematics conveys as much a concern 
fora professional future as a taste for the subject itself (Baudelot and Establet, 1992; 
Duru-Bellat, 1990), 

Matliematies is, in tact, the key to the most prestigious professions. This 
phenomenon, whieh holds true throughout schooling, increases in impact in the 
classes which prepare students tor the ENSs, The w'ork required in this setting is more 
intense than at any other time in a student’s education. It is highly structured and 
tocused on its ultimate goal, that ofadmission to one ofthe schools which function as 
a springboard to employment at the top ofthe public sector and decision-making 
professions, a w-orld that is still almost exclusively masculine. Many families, 
particularly those belonging to the upper social classes, expect their male offspring to 
have professional ambitions at an early age and plan their studies to this end. At the 
same time, they are often less concerned with the education of their female children. 
Prepared and supporteil by familial and societal expectations, boys tend to accept the 
constraints of preparatory classes more readily than girls. In addition, they also appear 
more comfortable w-ith the competitive atmosphere found there. 

This is the social context of the preparatory classes and one w-hich functions 
to assist boys more than girls in eoiuentrating and mobilizing their energies. There 
is, lunvever, another aspect ofthe preparatory classes which should not be ignored. 
The oldest and most prestigious of them, and hence the ones w-hich provide the 
greatest chance of success, have W’ell-established rituals including their envn speci.il 
vocabulary, private jokes, initiation rites, and a tendency to form hierarchies, all 
of which might seem more in keeping w'ith military school. There is a strong 
pressure on students to conform to the 'spirit’ t)f the preparatory classes, and any 
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resistance to this might be a source of ditTicult\' for the student. Given their 
minority status in such an environment, women are otten victimized and made the 
target of remarks of astonishing rudeness. (For an account of the 'initiation rites 
in the preparatory classes and their discriminatory content, see Dupe. 1992.) 

Thus, the preparatory classes do not constitute a particularly enjoyable 
experience, especially for women; solid motivation and a reasonable expectation 
of success are essential for those who commit themselves to attending them. Before 
the mergers, the womcn-only ENSs represented a reassuring alternative from 
several viewpoints: their existence allowed women to escape the severest forms ot 
competition, and otTcred honourable and reasonable professional prospects. Alter 
all. were they not destined at the end of their ENS studies to obtain that most 
female of occupations — secondary school teaching? However, the professional 
expectations of the successful were changed by the new environment. In the ENSs 
there are greater expectations that students will pursue professions other than high> 
school teaching. The women-only ENSs made possible a smooth transition from 
traditional expectations to more career-oriented ones. This route is now more 
difficult for woinen. The female students of the mathematics preparatory classes 
know it well, for they apply in much smaller numbers to the coeducational ENS 
than they did to Sevres. One may fear that the depao closing of the ENSs to female 
mathematicians will push many female students out ot the preparatory classes, with 
onlv those with early established professional goals remaining. 



Women's ‘Ecoles Normales Superieures' 

Let's return again to an examination of the womcifs ENSs. Before coeducation, 
the ENSs had five to ten times the number of female mathematics students than 
they do today. Traditionally, women's ENSs have produced a large number of 
highly qualified teachers who enjoy a great intellectual prestige, and as such h.ive 
provided generations ot high-school girls with temalc academic role-models. 
These institutions h.ive sp.iwned many of the regrctt.ibly tew scientifically 
renowned female figures, as well as facilitated the est.iblishment of w^omcn in the 
universirv' sphere (Coste-Roy. 1987; Barsky ct <il., 1987), I he wonicn-only 
environment, which was both reassuring and stimulating, g.ive women an 
intellectual legitimacy which enabled them to enter mixed competitive environ- 
ments such as professional recruitment examinations. Even it they met with less 
success than their male counterparts, the proportion of women whi^ did achieve 
success was greater than would be expected given their actual numbers in the 
preparatory classes (imhert. 1994). This world ot w’onien had the Havour ot an 
utopia. Women's ENSs provided an image of intellectual women that w.is quite 
different from the stereotypical one. that being mostly single women enjoying 
books, test-tubes, courses, journeys, and meetings. Whether this new image had 
any validity is ummpcsrtant. But it was the myth, and a myth whose value lay in 
the provision of an image counter to that of the housebound wife without 
emotional auti^nomy. or the superwoman, seductive and successful in both career 
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and family. The existence of this so-callcd 'other* exposed 'he contradictions and 
unrealistic dimensions of these misconceptions. It made it possible to imagine roles 
other than those provided in advance. It provided an environment where nobody 
would have thought of describing Emmy Noether as 'fat. rough, and loud’.^ Myths 
aside, the women's ENSs were, for some of their students, crucial places for the 
acquisition of personal maturity and autonomy. It was at the ENS where visions 
of certain female figures became ingrained in the minds of students, helping them 
to establish themselves in the world as women. 

Conclusion 

The question now becomes what will happen next? If present-day figures 
concerning women mathematicians at the ENSs do not change, one may fear a 
signiheant decrease in the number of women in research and universiry positions 
in the future. The women's ENSs played a crucial role in promoting women in 
mathematics. They produced most of the pioneers and, up until recently, a sizeable 
portion of female researchers and university teachers, particularly those in senior 
positions. The demise of the single-sex ENSs came in the name of modernity; or 
even in the name of equity; The illusion consisted of thinking that coeducational 
institutions could be egalitarian in a world which is not." The question, therefore, 
is how to remedy this? The idea of setting quotas is not popular in France. 
Furthermore, in the present context it is seen as contradicting the aura of 
objectivity' attributed to mathematics, and to the principle of selection by 
competitive examination. Perhaps it will be possible to profit from European 
Community' structures which permit affirmative action to offset historical 
discrimination. An analysis of current retruitment procedures may shed light on 
new possibilities, besides being healthy for the profession as a whole. 

In the present system of preparatory classes and competitive examinaf the 
success of some is only possible because of the failure of others. The fact that manv 
mathematicians are the product of such a piocess probably explains the lack of 
solidarity' sometimes observed in the French mathematical community; In 
addition, the rigidity' of such an environment favours the emergence of 
mathematicians with remarkably homogeneous intellectual and social behaviours. 
There may be much to gain by diversifying modes of training, criteria, age of 
recruitment, and ways ot working. This- approach might be preferable to the 
artiticial promotion of particularly rigid career^* or scientific profiles. Moreover, 
women may find themselves less torn between contradicting stcreotvpes if a more 
flexible system <ind ideology were adopted. 



Notes 

On a posier dcpieiiiig maiheinaik ians ihrouglioui history. Hmmy Noether — the onlv 
woman appearing — is so described. Tliis poster lungs in many matlieinaties 
departments and universities in Nortli America. 
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2 There arc no legal obstacles in France to employment equirs*. Theoretically, all 
professions are open to women. Three-fourths of women of working age do work, 
but, on the average, they are disad\ antaged with respect to men in terms of salary, 
advancement, and employment. 



References 

Bakskv, D., Cn.\n.YAr-M.\L-Ri:i . M., Ciirimoi, (i., Cummiu^N, C.. Kmin. E., 
Ml RiNDiM . J.-Y, Miuc.iiN. C., OvAi ki.J.-L.. Raolm, a., Roi’ssu;noi, M. and 
Si\u>N, J. (1987) ‘Demographic des mathematiciens. Des mathematiques I'industrie. 
La fuite des cerva ix*. Bullcfin de la Sodetc Mathmatique dv Framw Supplement au tome 
115, pp. .M3-91 . 

Bal’iu UH. C. and Emaui i. i. R. (1992) Allc:: /c.< Paris. Seuil. 

Cos]] -Rov, M.-F (1987) 'La place des femmes dans los mathematiques: Problcmes actuels. 
perspectives d'avenir*. Bulletin de la Sodeie Marlu'rriatique de Framw Supplement au tome 
1 15. pp. 320-42 (in particular the contributions ofj. Ferrand, N. Desolneux and D. 
Perrin). 

Dri'i . M.-CL (Ed) (1992) Conde-sur-Noireau. Arlea-Corlet-Panoramique n“6. 

Priu’-Bi 1 1 Ai. M. (1990) LLcole de< Filler. Paris. rHamiattan. 

Fikranu.J. (1994) ‘Une generation sacrifice'. S(TnVMMc.< d'Hieret 148 (dec. 

9,3-mars 94). pp. 15-17. 

Fi RRANU, M.. Imhi Ri. F. aiid Marry. C. (1993) ‘Normalieiis. normaliennes scientihques: 
rexcellence a-t-elle un sexe?‘. communication, colloque Poi/r nn Mcmruu hilan de la 
>oeioh\^u\ Paris. Institut National de la Recherche Pedagogique, 25-27 mai 1993. 

Hi i IN. N. (1994) ‘La section des sciences de 1‘Ecole Normale Superieure: Quelquesjalons 
de son histoire', in Sirim 1 1 i. J.-F. (Ed) licole \orniale Superieure. Lc Livre du Bkentenain\ 
Paris. Presses Universitaires de France, pp. 321-49. 

Imhiri. F. (1994) ‘Agreg.uions scientifiques et ENS au temps de la mixite'. Unpublished 
manuscript. 

Mathematiques A Venir — Operatimi ‘50 lycees' (1988) Ll> Maili> ct I c».<, Strasbourg, 
Institut de Recherche sur I'Enseignement des Mathematiques. 

M.xYii'R, F. (1994) ‘Severs', in Siiunm 1 1 . J.-F (Ed) l:cole Sorniale Superieure. L: Livre du 
Bieeui'enaur. Paris. Presses Universitaires de France, pp. 73-1 1 1 . 



146 



1 



Cluipter 18 



The Contribution of Girls-Only 
Schools to Mathematics and Science 
Education in Malawi 



Pat Hiddlcston 



Introduction 

Malawi is a small, land -locked, poverty-stricken country in Central Africa. Even 
by African standards Malawi is densely populated, with one million Mozambican 
refugees in addition to its own nine million people. The local economy is 
primarily based on agriculture, and as a result, rural settlement is the predominant 
pattern. In comparison with the western world, the country lacks technological 
advantages such as television and calculators: at school, for example, tables of 
logarithms are still quite commonly in use.. The rate ot participation in the 
educational system drops at each successive level. For instance, according to 
Ministry ot Education and Culture (1^^90) statistics onlv 41.7 per eent ot primary- 
school-aged children attend school, a figure which drops to onlv 3.4 per eent at 
the secondary' level, and thereafter less than 1 per cent receive any form of tertiarv 
education (Ministry of Education and Culture. 1990). Entry to secondary school 
is determined by means ot a higlily selective examination, the PSLE (Primary 
School Leaving Examination). A Ministry of Education atlirmative action policy 
requires that one-third ot all secondary-school places be reserved for girls, but in 
order to achieve this quota, many girls are admitted to school with lower PSLE 
scores than is characteristic of the boys. 

Malawi s only uni\ ersit\’ has tive colleges, the largest of w hich, (diancellor 
C.ollegc. incorporates taculties ot science, humanities, sociology'. Luv. and educa- 
tion. Admission to C'hancellor College is based on grades in the final secondary- 
school examination known as the MCE (Malaw i C^ertificate of Education), (hrls 
account for only 23 per cent of the student population of Chancellor College, 
despite the lact that they are granted entry to university with lowi’r scores than 
boys and comprise 34 per cent of tlie universitv student population as a whole 
(VlWldBank. 1988; C'hancellor College. 1991). ' 

Until recently, there has been very little research on women s issues in the 
developing world. In the tew’ cases where such research has been undertaken, it 
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has been conducted in isolation and has been difficult to publish. Yet over 75 per 
cent of the world's women live in developing countries. Since the needs of these 
women are often quite different from women in the developed world, research on 
developed nations cannot be assumed to apply universally. This chapter contributes 
to the growing body of literature on gender issues in the developing world by 
elaborating on several salient issues concerning students at Chancellor College, 
First, the majority of female students at Chancellor College attended girls-only 
schools and achieved higher MCE scores than their counterparts from coeduca- 
tional facilities. Second, while female students entering Chancellor College do so 
with relatively low^ grades compared with males, especially in mathematics, they 
improve to a much greater extent and graduate with results that are, on average, 
higher than those of the male students. 



Girls-Only Schools and University Selecrion 

Developing countries have not been the target of much investigation concerning 
the relative merits of single-sex and coeducational schooling. However, independ- 
ent research conducted both in Nigeria and in Thailand points to single-sex 
schooling as providing the most beneficial learning experience for girls (Lee and 
Lockhead, 1990; Jimenez and Lockhead, 1989), There are three categories of 
schools in Malawi: government, grant-aided, and private. The government schools 
may be cither single-sex or coeducational, although the newer ones are mostly the 
latter. Many single-sex schools are grant-aided, and while they enjoy a certain 
degree of freedom from Ministry of Education regulations, they are still compelled 
to adopt the same selection procedures and charge the same fees as government 
schools. Therefore, in most respects these two ty'pes of educational facility' are 
similar. There are so few private schools that they may be disregarded with little 
impact on the analysis. 

Table 18, 1 illustrates the performance of girls in the MCE examination for the 
years 1987 to 1991. It shows that the percentage of MCE passes in each year was 
consistently higher in the girls-only schools. At the same time, the coeducational 
schools were seeing a much greater increase in the number of girls taking the 
examination, undoubtedly due to the newer government schools which were 
predominantly coeducational. The Ministry of Education insists that school 
selection is independent of the academic standing of the students and that there is 
no bias towards placing the best girls in single-sex schools. 

If there is any validity' in the Ministry of Education's claim that they do not 
place the brighter students in single-sex schools, one would expect the numbers 
of girls admitted to Chancellor College from both ty'pes of institution to be 
roughly in proportion to the numbers who pass the MCE. Table 18.2, however, 
shows that from 1987- 1991, the number of girls entering Chancellor College 
from girls-only schools was substantially higher. This pattern persists when one 
restricts the data to those entering the two science-based programmes, or indeed 
any undergraduate programme, and it has not changed as the intake from 
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Table 18.1: MCE performance of girls from coeducational and girl-only schools for 1987-1991 







Coeducational 




GirlS’Onty 






Sat 


Passed 


Percentage 


Sat 


Passed 


Percentage 


1987 


510 


253 


49.6 


901 


643 


71.4 


1988 


583 


305 


52.3 


1067 


722 


67.7 


1989 


1026 


471 


45.9 


1073 


599 


55.8 


1990 


1106 


452 


40.9 


1294 


760 


58.7 


1991 


1068 


414 


38.8 


1260 


745 


59.1 



Source: Chancellor College (1991) Statistics 



Table 18.2- Intake of girls to Chancellor College, as a percentage of total intake, for all degree 
courses by type of school 





Total intake 


Girls as a 
percentage of 
total intake 


Percentage 
girls from 
coed schools 


Percentage 
girls from 
girls-only 
schools 


Percentge 
girls from 
other schools 


1986-37 


227 


17 


1 


13 


3 


1987-88 


293 


14 


3 


10 


1 


1988-89 


278 


24 


3 


18 


3 


1989-90 


329 


18 


3 


13 


2 


1990-91 


379 


23 


4 


17 


2 


1991-92 


409 


19 


4 


12 


3 



Source- Chancellor College (1991) Statistics 



coeducational schools has increased. All in all, the situation in Malawi education 
appears to be consistent with that in both Nigeria and Thailand, that is, students 
from teinale-only schools meet with greater academie success than their coeduca- 
tional sisters. 



Gender Comparisons of Performance 

At all stages ot their school careers, girls in Malawi are outperformed by their male 
counterparts in mathematics. In fact. PSLE scores for the years 19S9 to 1991 
indieate that primary-school boys achieved better results than girls in all subject 
areas (Bradbury, 1 991). Kad7amira (19S7) has documented a similar trend for high- 
school students on the MCE in the period 19S2 to 19S6. As previously discussed, 
atlirmative action policies result in the admission to C'haneellor College of women 
with c]ualifications that are comp.iratively lower than those of men. Moreover, the 
situation is particularly .icute in the area ol mathematics. Howevei-. when one 
e.xamines performance in the first -year mathematies course, one notes a substantial 
improvimient in female performance over the year relative to males. 

Tible IS. 3 documents this trend for the years 19S7 to 1991 . It shows women's 
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Table 18.3: First-year mathematics grades at Chancellor College from 1987 to 1991 







Total 


MCE 




Total 


female 


(all) 


87/88 


223 


25 


50.2 


88/89 


175 


29 


47.9 


89/90 


206 


32 


46.3 


90/91 


258 


55 


45.5 


Average 






47.0 


Source: 


Chancellor College (1991) Statistics 



Final 



MCE 


Test 1 


Test 2 


Test 3 


Exam 


Maths 


Nov 


Feb 


Mar 


June 


45.5 


49 5 


49.4 


49.2 


45.2 


46.1- 


49.0 


50.1 


51.6 


51 8 


45.8 


43.2 


47 3 


49.1 


50.2 


43.4 


45.2 


46.2 


47.0 


47.7 


44 9 


46.3 


47.8 


48.8 


48 7 



Table 18.4. Second-yeaf mathematics grades at Chancellor College from 1988 to 1992 









MCE 




Year One 




Year Two 




Total 


F 


Ail 


Math 


T1 


T2 


T3 


Ex 


T1 


T2 


Ex 


88/89 


136 


11 


52 4 


47 5 


52.3 


54.1 


51.0 


50 5 


48.8 


52 3 


49.6 


89/90 


100 


16 


47 4 


46 9 


48.3 


48 5 


51.1 


51 7 


- 


-* 


54 4 


90/91 


115 


14 


49.8 


47.7 


43 5 


50 4 


51.6 


52 6 


51.3 


52.6 


52.0 


91/92 


141 


26 


44.1 


40 6 


45 S 


46 1 


45.5 


47.6 


45.0 


47.9 


49 8 


Average 






47.4 


44 7 


46 9 


48 9 


49 0 


50 1 


47 5 


50.1 


.1 3 



Source Chancellor College (1991) Statistics 



scores, standardized to a mean of 50 for the entire cohort, for three term tests as 
well as for the final examination. Taking an average of all the years shown, the 
grade improvement throughout the course is quite apparent. The fact that all 
students were taught and evaluated by the same (male) lecturer, ensured the 
necessary level ot control. 

Tabic 18.4 documents continued improvement into the second year, with the 
data for first-year students adjusted to include only those who did, indeed, advance 
to take the second-year mathematics course. It is interesting to note that the female 
average for all years shown of 51.3 on the second-year final exam exceeds the 
corresponding figure of 50 for the whole group. In essence, this means that on 
completion of their second mathematics course, female students, on average, 
achieve at least as well as, if not better than, their male counterparts. (Again, the 
conditions were controlled in the same manner as betore.) 

This trend of improved performance is not confined to the first two years of 
mathematics, but extends to the sciences as well as into more advanced 
mathematics courses. Table 18.5 sho\%*s .iverage temale-standard (Z) scores for the 
years 1981 to 1990. Seven subject areas are included, biolog\\ chemistry, computer 
science, earth science, mathematics, physics, and statistics. Computer science is not 
offered in year o\k\ while st«itistics is otlered only in years three and four. In 
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Table 18.5- Z Scores ^or er)d-of'year grades in the Science Faculty, Chancellor College, by year 
of study 



Computer Earth 

Biology Chemistry Science Science Maths Physics Stats 

1 0.38 0.27 0.24 -0.36 -0.54 

2 0.30 0.00 0.26 -0.40 0.05 -0.45 

3 0.27 0.06 0.96 0.08 0.17 0 32 0.39 0.68 1.19 0.01 093 -0.10 0.15 -0 13 

4 0.22 0.34 0.27 0.43 0.05 0.36 0.52 0.11 1.35 036 0 94 0 45 1.81 0.82 0.02 



Source: Chancellor College (1991) Statistics 



addition, as is illustrated in the table, certain disciplines have more than one course 
at some levels. 

The data presented in the table for year one shows that aU subject areas, apart 
from earth science, have negative Z scores. This means that female students 
generally perform below average in the indicated courses. However, as one 
progresses through each of the years, the overall trend is for the scores to gradually 
increase until they are all positive. Thus, by year four, female students are achieving 
above average in all documented subjects. These findings agree with those of 
Maritim (1985), whose study of Kenyan high-schools concluded that girls with 
lower high-school entry grades appear to outpertbrm boys in their final 
mathematics e.xaminations. These results contrast, however, with the majority of 
research findings in the developed world. In developed countries, male academic 
pertbrmance tends to surpass that of females in early adolescence, a trend which 
continues well into later years (Burton, 1990). 

Several fictors may combine to e.xplain women's apparent success at 
Chancellor College. First, while Malawian school teachers expect girls to have 
lower grades than boys in mathematics and science, the staff at Chancellor College 
do not share this opinion. Indeed, they have no preconceived expectations. 
Second, women who enter the college experience a sense of personal achievement 
on having done so, and claim no longer to doubt their abilities. Thus, there is a 
shift from a self-fulfilling expectation of failure, to the anticipation of success. 
Third, women at C'hancellor College have a reputation for working harder than 
men, possibly, as has been suggested, because they feel obliged to justify being 
admitted in the first place. Finally, Chancellor College is a residential institution. 
As a result, women are able to concentrate on their studies without ha\ ing to 
contend with domestic chores. In contrast, school girls are often forced to be 
absent from school for domestic reasons, an expectation that does not hold for 
boys. 



C^onclusion 

Females in Malawi who attend girls-only schools achieve better results on the final 
school examination than those who attend coeducational institutions. This is true 
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even though they are selected for these schools by a process which, the Ministry 
of Education claims, has no bias towards placing the more academically successful 
girls in single-sex learning environments, Far more women are admitted to 
Chancellor College from girls-only schools, than would be expected from the 
proportion qualifying. While they enter the universit\' with lower qualitications 
than men. women's results in the mathematics and sciences improve substantially. 
By the time they graduate, females outperform their male counterparts in these 
subject areas. 
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Feminist Pedagogy in Mathematics 
Education 



The fourth phase of gender reform of mathematics education, described in the 
introduction asks the question; What would mathematics and mathematics 
education look like if women were central to its development? We ha\'e divided 
the chapters in Part 3 into rwo categories according to whether they emphasize 
changing mathematics pedagogy' or changing the discipline. Although these depart 
from different standpoints, they come to similar conclusions and lead us to 
speculate as to the nature of an inclusive mathematics education. 

The influence of feminism on approaches for achieving equity in mathematics 
education has perhaps been most evident in the area of pedagogy^ Some of the 
chapters in this section provide a theoretical description of a pedagogy based on 
an understanding of women's way's of knowing, others gi\'e practical suggestions 
for implementing a feminist mathematics pedagogy'. Whatever their focus, all share 
the desire to see a fundamental change in the distribution of power in the 
classroom and as a consequence in the organization of the discipline of 
mathematics as a whole. 

In the first chapter, Roberta Mura defines three sti inds within contemporary 
feminism and demonstrates how all approaches to gender reform of mathematics 
education are, to different extents, influenced by some form of feminism. The 
chapter by Joanne Rossi Becker describes stages in women's ways of knowing, the 
connected teaching that grows out of an understanding of this model, and 
examples of how to apply this theory to mathematics. The practical implementa- 
tion ot a feminist pedagogty' is the focus of the chapter by Pat Rogers. Drawing on 
Gilligan's theory of gender-related differences in moral development, she 
describes how she abandoned the authoritative lecture format which silences 
women and began developing a creative-intuitive pedagogy' that has been 
particularly successful with her female undergraduates. Sue Willis, based on a 
feminist critique ofpievious proposals to change the gender imbalance in school 
mathematics, develops proposals for a different mathematics curriculum, one 
which is gender-inclusive and socially critical. This implies, .imong other things, 
non sexist curriculum cemtent, the use of .1 variety of intuitive and exploratory 
approaches to mathematics, connecting mathematics to reality, and the explicit 
confronting in the classroom of gender issues in the wider community'. The focus 
of Joanna Higgins' chapter is the use made by teachers of games as independent 
activities in the teaching and learning of mathematics at the elementary school 
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level. She argues that the classroom experiences of girls differ from those of boys 
in w^ys that disadvantage the girls and so the structures of learning experiences if 
left unexamined tend to benefit boys more than girls. 

The chapters of Leone Burton, Betty Johnston and Marjolijn Witte, included 
in the second group, all deal with the need to change the discipline of mathematics. 
They ask whether there exists a female mathematics and whether it would be 
different from mathematics as developed thus far. Leone Burton, referring to the 
extensive literature on gender and the nature of science, asks similar philosophical, 
pedagogical and epistemological questions about the discipline of mathematics. 
Betty Johnston reflects instead on the interaction benveen mathematics and 
Sv^iety, in particular on how the quantification of society constructs us and how 
we, in turn, construct or resist it. Through memory work, she explores using 
personal experience as the basis of knowledge and examines the interface between 
the everyday world and wider social structures. One particular thread that emerges 
is the experience of mathematics as regulation by others, a thread that is also picked 
up by Marjolijn Witte. Distinguishing several different strategics for intervening to 
prevent girls from dropping out of mathematics education, Witte explains how the 
dominant language in mathematics constrains the actions of learners and 
disadvantages girls. Within this language conception of mathematics, she discrim- 
inates rwo basic conceptions of mathematics, one of which she claims holds 
promise for girls. 
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Chapter 19 

Feminism and Strategies for Redressing 
Gender Imbalance in Mathematics 



Roberta Mura 



A variety ot theoretical perspectives has been advanced for addressing the issue of 
gender imbalance in the teaching and learning of mathematics. For instance, in 
Kaiser-Messmer and Rogers (1994), four examples are given: ‘The ‘intervention 
perspective** which locates the problem in the student; the “segregation per- 
spective’* in which the interaction between girls and boys is often the primary 
focus; the “discipline perspective** in which the nature of mathematics itself is 
problematized; and the “feminist perspective" in which a critique of the gendered 
nature ot teaching and learning mathematics leads to an examination of the use of 
power and authority’ in the mathematics community* (Ibid., p. 304). For me. this 
raises some questions. Why did the authors label only one of these four 
perspecthes feminist? Don't all approaches which seek to address the imbalance 
correspond to some kind of feminist analysis and practice? Indeed, how dov< 
feminism relate to work on women and mathematics? 

Although the word ‘feminism* usually occurs in the singular, there are in fact 
a variety of feminist theories. In this chapter. 1 consider the possible links between 
different kinds of feminisms and the different approaches to the issue of gender 
imbalance in m.ithenutics education described above and illustrated by four 
selected positions, namely, those of Sheila Tobias (197S), C'harlene and James 
Morrow. Pat Rogers and Sue Willis (see Chapters 2. 21 and 22, respectively, this 
volume). I begin with a brief discussion of feminist theoiy. 



Trends within Feminism 

It is likely that feminism means something different to every feminist, and 
something else again to tlu^se wlu> oppt>se it. All teminists probably would agree 
that women suffer cert.iin dis.idvantages in comparison with men. Bevond that, 
they might analyse the situation differently and favour different strategies for 
changing it. In this section. 1 draw on a typologs’ proposed by Descarries-Belanger 
and Roy (1991) tt> identiR three main trends witliin contemporary feminism: 
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‘feminism of r ]uality\ ‘radical feminism', and 'feminism of difference' (no 
hierarchy is implied by the order used here) J 

Feminism of equality is action-oriented; it demands legal and actual equality 
between women and men, and it identifies the sexual division of labour as the 
main source of women’s oppression. It denounces, first and foremost, the 
discriminatory conditions women experience in the spheres of education and 
work, and advocates programmes that would ensure equal access for women to all 
social, political and economic resources. Together with political action, the 
socialization and education 'girls are seen as the most effective tools for change. 
Of the three feminist currents discussed here, this is the one that comes closest to 
the typical definition of feminism found in English and French dictionaries. 
Feminifts of equality might extend their criticism of sexual discrimination to ah 
other kinds of discrimination, however they do not necessarily challenge social 
institutions, they ask ‘only’ that women occupy 50 per cent of all political offices 
as well as all military, religious, academic, managerial, judicial, and other offices. 
Some consider feminism of equality reformist, while others think that true 
equality between the sexes in all social, political and economic spheres would be 
tantamount to a complete revolution. 

Radical feminists refuse to define themselves in comparison with men.“ They 
identify patriarchy as a social, political and economic system that oppresses and 
exploits women individually and collectively, sexually and economically. Radical 
[eminists have put more energy than feminists of equality into theoretical 
productions and their positions are also more dh ersified. Descarries -Belanger and 
Roy (1991) distinguish three tendencies within the radical current, namely, 
materialist feminism, ‘woman -centred' feminism, and lesbian feminism. I won t 
dwell on these distinctions here. Radical feminists see patriarchy as characterized 
by hierarchical relations between the sexes, maintained through social institutions 
like marriage and heterosexuality, through laws, religion and the educational 
system, as well as through violence or the threat of Violence. Radical feminism 
refuses the separation between domestic and public life and questions the 
androcentric perspective that pervades all aspects of patriarchal cultures. Strategi- 
cally, priority' is given to ending all ty'pes of violence against women and to actions 
aimed at the disappearance of the institutions respcmsible for their oppression and 
exploitation. Radical feminists might extend their criticism of the oppression of 
women to all other kinds of oppressio.n. 

Unlike feminists of equality and radical feminists, feminists of difference do 
not wish to eliminate gender distinc:'ons. On the contrary, they insist on the 
recognition of difference, they see women as possessors of specific knowledge, 
culture and e.xperiences and the feminine as an affirmation of life. They assert that 
women have their own ethics, their own way of knowing and their own language. 
Their project involves reclaiming and revaluing all things feminine. Influenced by 
psychoanalytical theory, they want to discover and liberate a truly feminine 
sexuality that has been repressed by patriarchal culture. Since women's ^ecificity 
consists principally in their childbearing and nurturing capacities, mov .^rhood is 
at the heart of feminism of difference. Feminists of difterence demand a better deal 
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for wives and mothers, and are fierce opponents of the new reproductive 
technologies which they see as threatening to take away from women their control 
of motherhood and undermining their very definition. Feminists of difference 
promote the idea of the complementarity of the sexes and ask that women be 
allowed to engage in activities separate and ditferent from nen, but that these 
activities be equally valued and rewarded. 

As with all classifications, this one distorts reality; individual feminists may 
hold ideas and participate in actions typical of two or all three trends. However, 
I believe that these categories reflect real diff'ercTices within the women's 
movement. Sometimes, they are just a matter of focus and priorities, but 
sometimes they correspond to serious disagreements, where the proponents of 
opposing theories would deny each other the right to call themselves feminists. 



Redressing the Gender Imbalance in Mathematics 

What connections can be found between che three feminist currents described 
above and the perspectives on gender imbalance in mathematics discussed earlier? 
Clearly, redressing the gender imbalance in the teaching and learning of 
mathematics is part of a more global project ot achieving educational and 
occupational equity between the sexes and is in itself a typical teminisin- 
of-equality issue. Therefore, this current underlies all approaches seeking to redress 
imbalances. The intervention perspective, though, is especially characteristic ot 
this brand of feminism, because of its emphasis on increasing the participation ot 
women in mathematics and on programmes aimed at resocializing girls, that is, 
correcting, or compensating for, a deficient socialization. The early work of Tobias 
(1978) illustrates this perspective well, by espousing the goal of getting girls to 
choose mathematics and to persist in it, by focusing on an attitude of the individual 
student, namely mathematics anxiety, as the source of her mathematics avoidance, 
b; .issuming that this attitude is learned and therefore changeable, and by acting 
to help students unlearn it. 

In contrast, the segregation perspective, is reminiscent of feminism of 
difference, in that it asserts that boys and girls have difl'erent ways of learning and 
that they are better taught separately, using methods and/or curricula appropriate 
to each. Whatever the origin of gender dift'erences in learning styles, proponents 
of the segregation perspective consider it a given, either unchangeable or worth 
preserving. Support for this view is found in research like that of Belenky ei a/. 
(1986). 

The Morrows (see (diapter 2, this volume) recommend the segregation 
option on other grounds. They focus on the interaction between girls and boys. 
In .1 mixed group, they argue, boys always end up getting a greaier share of the 
available resources than girls. Although die Morrows attribute this gender 
difference in behaviour to socialization, they advocate segregation as a way of 
freeing girls from the oppressive situation that prevails in coeducational environ- 
ments, for changes in socialization, much as they are desirable, would consume 
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nioro time and energy than teachers and students usually can afford during 
mathematics classes. This argument proceeds from a radical feminist standpoint 
which analyses classroom interactions in terms of oppression and dominance and 
aims at girls' autonomous development without reference to boys/' It claims 
neither equality nor difference. 

The discipline perspective is described above as the view that it is the discipline of 
mathematics itself that leads to the gender imbalance. Both radical feminism and 
feminism of difference may be relevant to this view. The former has launched an 
ambitious project of examining all existing knowledge for evidence of androcen- 
trism. In spite of the apparent difficulty of the task, one may want to submit 
mathematics and the physical sciences to the same kind of feminist criticism that is 
being applied to other disciplines. Feminists of difference, furthermore, may 
entertain the hypothesis that mathematics, as it presently exists, is the product of a 
male way of thinking and may speculate about the possibility of a female 
mathematics. These ideas, however, are regarded with suspicion and hostility by 
mathematicians subscribing to feminism of equality, some of whom fear that feminist 
critiques of science may discourage women from entering the field."* I believe this 
fear to be unwarranted since several disciplines, such as biology', psN'chology, and 
literature, at least in Canada, have higher female participation rates than mathematics, 
despite being the target of much harsher feminist critiques, 

Willis (see Chapter 22, this volume) espouses the discipline perspective, but 
in doing so she focuses on school mathematics and on the image of mathematics 
rather .lan on the discipline itself Of course, one could argue that school 
mathematics is part of mathematics, however Burton (1987) points out that the 
features of school mathematics singled out as potentially responsible for the gender 
imbalance arc precisely those that distinguish it from the discipline as actually 
practised. 

The feminist (the fourth) perspective, discussed earlier places responsibility* for 
the gender imbalance on the teaching ot mathematics and calls for improved 
teaching methods that will benefit male and female students alike. All three 
feminist trends, not to mention the whole mathematics education community, 
have an interest in this perspective. Feminists of equality demand non-sexist 
teaching, that is, fiir treatment of female and male students. Feminists of ditference 
specify* that fairness must take into account ditference, and that equal treatment 
does not necessarily constitute equity. They insist on a pedagogy consonant with 
women's psychology, a pedagogy* sensitive to students' emotions and based on 
collaboration rather than competition. Radical feminists favour a pedagogy* that 
addresses the subject ot* women's oppression and liberation explicitly in the 
classroom. In line with radical ih inking, this pedagogy seeks to minimize 
hierarchical relations beuveen teacher and students, empowering female students, 
and forcing male students to give up their dominance in the classroom. As 
mentioned earlier, this typ .' of feminist analysis of what goes on in the mathematics 
classroom natumlly ‘leads to an examination of the use of power and authority in 
the mathematics community' (Kaiscr-Messmer and Rogers, 1994, p, 304), and 
beyond. 
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Both Rogers md Willis (Chapters 21 and 22, this volume) advocate a radical 
feminist pedagogical perspective and they both extend it to a more inclusive 
pedagogy of liberation, drawing on Freire’s ideas (1971), exposing the role played 
by mathematics in constructing and maintaining privilege, be it gender, class or 
race privilege (see also Franke^istein, 1983, 1991, and Rogers, 1990). 

It seems to me that the theoretical perspectives for redressing the gender 
imbalance in mathematics that have been outlined above could more precisely be 
called strategies, and that three emerge from the approaches discussed: the 
intervention strategy', the segregation strategy' and the teaching strategy. The last 
strategy corresponds to the perspective identified as Teminist’ by Kaiser-Messmer 
and Rogers and incorporates aspects of the discipline perspective in that it 
concerns both pedagogy and curriculum. I have argued that each of these 
strategies can be linked to at least one feminist current. That all three can lay claim 
to feminism follows from their common intent to improve the situation of women 
in mathematics. 

The claim to feminism of all three strategies does not preclude criticism of any 
of them for being less than effecth'c, or even for being counter-productive. Such 
a debate parallels the one about the different tendencies within feminism and their 
potential for improving the situation of women in society. For instance, one could 
find fault with the intervention strategy for laying the responsibility for redressing 
the balance at the feet of girls and women (that is, for assuming that it is they who 
have to change) and for failing to criticize mathematics, mathematics education, 
or the educational system as presently configured. Like the feminism of equality 
underlying it, the intervention strategy may seem to encourage women to reach 
for half the pie without stopping to consider whether the pic is worth eating. 

The segregation and the teaching strategies, depending on whether they draw 
on feminism of difference or on radical feminism, may be criticized for cither 
reinforcing gender stereotypes (women and men think and learn differently)^, or 
antagonizing men and exacerbating the tension between the sexes. Feminists of 
difference constantly risk playing into the hands of sexist interests. In the case of 
mathematics, any reference to gender differences may be interpreted or mis- 
interpreted as supporting the thesis of male superiority in this field. Historically, 
sex segregation has not always been implemented with feminist goals in mind, and 
separate education has often meant inferior education for girls. 

I would like to conclude this section with a few reflections on the general goal 
of redressing the gender imbalance in mathematics. First, there is the possibility' 
that some feminists might not subscribe to this goal. The argument has been 
advanced that certain institutions (for example, the army or the church) are so 
fundamentally antithetical to women that it is preferable to stay away from them. 
So far, to my knowledge, no feminist has publicly advocated such an extreme 
position concerning mathematics; even the most severe critics of this discipline do 
not advise women to turn their backs on it. However, the theoretical possibility 
of rejecting mathematics, from either a radical feminist or feminism-of-diffcrence 
standpoint, remains open. 

Second, although this is rarely discussed, underlying most efforts to redress 
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imbalance is the tacit assumption that the proper balance is rouglily equal numbers 
of women at all education and occupational levels, up to the highest rank of 
professorship in the most prestigious universities. Even feminists of difference, 
while insisting on the qualitative aspects of the balance, have not questioned this 
quantitative target. To achieve this ideal proportion, in many countries, efforts to 
increase the percentage of women in mathematics have focused on increasing their 
number. However, there is another way in which the percentage of women in any 
field may increase, and that is when the number of men decreases! 

For groups other than feminists, increasing the number, rather than the 
percentage, of women in mathematics may be a goal in itself, and not necessarily 
a means of achieving gender balance. Governments, for instance, may be interested 
in increasing women's participation in mathematics, science and technology' 
merely because they want to increase the total population involved in scientific and 
technological production. Likewise, mathematics departments may seek to attract 
more female students as a means of remedying declining enrolments. Although 
feminists may take advantage of such situations, it is important to keep in mind the 
distinction between the goal of increasing women’s participation and the goal of 
redressing gender imbalance. How would we react to the idea of the percentage 
of women in mathematics climbing to 70 or 90 per cent? And, would we then be 
happy to see women fill positions that men no longer wanted? 



Conclusion 

Gender imbalance, in mathematics as elsewhere, is a political issue, I have argued 
that strategies for redressing the imbalance rest on a variety of feminist philosophies 
that differ considerably from each other.^* Making these underlying philosophies 
explicit will increase our ability to evaluate the possible advantages and dangers of 
each approach. Furthermore, it will show that we do not all share the same 
attitudes and ideals, and it will prevent the frustration caused by the unrealistic 
expectation that we do. Because of the relevance of philosophical and political 
perspectives to our work, we probably will not be able to agree on what the best 
strategy' is for redressing gender imbalance. This is not peculiar to our field. To 
choose another example close to our experience, mathematics teaching too is 
shaped by diverse piiilosophies of mathematics and education, even though they 
may remain subconscious, and for this reason it is unlikely that we will ever reach 
a consensus on what is the best sv^ay to teach mathematics. Henvever. being aware 
of our often implicit perspectives will contribute to a better understanding of the 
motivations, aims and effects of the various options, and the extent to which they 
are consonant with our beliefs and values. 
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Notes 

1 Several ocher tranieworks have been employed Tor classifying feminist trends. Some 
rely on political or philosophical schools of thought or socinl mowments that exist 
independently of feminism (for example, black, liberal, socialist, Marxist, existentialist, 
structuralist, post-modernist). OfFen (1988) distinguishes between indhidualist and 
relational feminism, others refer to successive wax es or generations of feminism (not 
necessarily defined by chronologx). I have chosen Descarries-Belanger and Roy's 
typology' because it is more intrinsic to feminist thought and less open to \alue 
judgi’ients. 

2 The w'ord 'radical' is used here, in the sense of 'root', to describe someone who wants 
to go to the root of a problem, to concentrate on its most fundamental aspects. 

3 A similar standpoint is taken by Spender (1982). Spender shows how, in mixed classes, 
boys learn to dominate girls and girls to submit. For girls, she argues, mixed-sex 
education turns into indoctrination and practice in the art of subordination (Ibid., 
pp. 1 18-20). See also Chapter 23, this volume. 

4 I have described at length elsewhere both the project of a feminist critique of 
mathematics and science (Mura. 1991, 1987) and mathematicians' reactions to it 
(Mura. 1992-1993). 

5 Hanna (1994) articulates this kind of criticism. 

6 Research on gender differences, of course, is another matter. It too must rest on some 
philosophy of gender relations, but not nece^sarily on a feminist one. 

7 Lee (1992) provides a good illustration of contrasting attitudes towards gender issues 
in mathematics. 
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Chapter 20 

Women’s Ways of Knowing in 
Mathematics 



Joanne Rossi Becker 



llhit roars which lies i>m the other side of silence. 



(George Eliot, 1871-2) 



Introduction 

In this chapter, 1 discuss the ideas in a book that I think has major implications for 
how we can encourage girls and women to pursue mathematics and mathematics- 
related careers.' limner V lk£i)^M>/ The Development of Self Voice, and Mind, 
by Mary Field Belenky. Blythe MeViker Clinchy, Nancy Rule Goldbergcr, and Jill 
Mattuck Tarule (1986), explores how women come to know. After briefly 
summarizing che major ideas in the book. I will discuss implications for the 
teaching of mathematics, and raise issues which I think would benefit from further 
research. 



Background 

Feminist theory is usually developed in one of two w.iys. Individuals, either 
address, in the initial stages of their work, how a particular issue atfects or is atTected 
by women and their concerns, or they re-examine the work of others to see if their 
conclusions fit with women's experiences. All too often, conclusions based on 
work with male subjects are presented as though they are indicative of all persons. 

It is the second approach to developing feminist theory that has received the 
most attention. These re-examinations are necessary because so much research has 
been based on all -male samples and thus the theories generated often result in 
women becoming a disadvantaged group. Probably the best-known effort to 
critique a widely accepted theory and assess its validity for women is Carol 
Gilligan's work (Chlligan, 1982). Gilligan examined Kohlberg's stages of moral 
development, which he based on an all-male sample, and asked whether the 
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hierarchical stages he proposed were truly reflective of the way in which moral 
development occurs in women. She found they were not. In terms of Kohlberg s .. 
liierarchy, women seldom reach the highest levels of moral development. Gilligan, 
however, found that moral development in women followed a different path and 
was based on different values. In a profound way, Gilligan made the cas? that 
women were speaking in a different voice . It was not that the values and world 
view of women were better or worse than those of men, it was just that their 
systems were different. Gilligan called for an honouring of both value-systems, as 
well as for both voices to be heard, thereby freeing everyone to look at how and 
what they value, and decide which way is right for them individually. 

It has become acceptable for women to proclaim their 'different voice’ with 
regard to moral issues. It is far more dangerous, however, to broach the hypothesis 
that women have a ‘different voice’ with regard to the cognitive. The questions are: 
Is the way we. all of us, are supposed to know things also determined by how some 
males came to know things? Is there a male model for knowing that, in its very 
formation, excluded women, denied their truths, and made them doubt their 
intellecrual competence? In Womcti's ll'qc'r of Knowing. Belenky and her colleagues 
explore the ways in which women kno .v, and also how these ways of knowing 
differ from those of men. In particular, they present a re-examination of William 
Perry’s model of intellectual development (Perry, 1970). 

Let me address the reservation that some of you may have about describing 
a particular way of thinking as ‘women's way’. When I refer to women or girls in 
this chapter, as when the book refers to women in of Kti 0 wi}{i^, I am 

not automatically referring to all females. Here I am generalizing, not as 
mathematicians do, meaning every woman, but as social scientists do, meaning 
most women. The word ‘women’ is used to refer to all those individuals who 
think, come to know, or react in a fashion that is common to the majority of 
women. These individuals may be females or males. Also, the use of the word 
'woinen' to describe the way some people think does not preclude the possibility 
that some women do not think in this way. 

There is, of course, the danger that acknowledging women's difterent ways of 
knowing will serve to reinforce stereotypes that demean women s capabilities (see 
also Mura, Chapter 19 this volume). We have to make the case that 'different' does 
not mean one way of thinking is better than another. On the other hand, research 
can help provide evidence to support or refute the possibility of a women's way 
of knowing in mathematies and. if it is supported, demonstrate how this can help 
us understand and improve women’s participation in mathematics. 



Women’s Ways of Knowing 

The authors of Ihiy.^ of Knowin^i spent years interviewing 135 women ot 

variou'^ ages and socio-ctiltural backgrounds. These women were African- 
American, European American, and Hispanic, and were identified in formal sites 
of education stich <is prestigious women’s colleges, coeducational colleges, urban 
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Table 20 1: Stages of Knowing 



Stage of Knowing 
Silence 

Accepts authority's verdict as to what is 
true. 

Received knowing 

Learns by listening; returns words of 
authority Speaker is not source of 
knowledge. 

Subjective knowing 

Inner voice says 'I only know what I feel in 
my gut ’ Assumes there are right answers 

Male version; 'I have a right to my opinion.' 
Female version: 'It is just my opinion ' 

Procedural knowing 

Voice of reason; begins to evaluate validity 
of argument 

Separate knowing 

Looks to propositional logic; impersonal 
v%^ay of knowing 

Connected knowing 
Looks to Vv'hat circumstances lead to 
perception: wants access to other 
people's knowledge. 

Constructed knowing 

Effort to integrate what is known 
intuitively and what other people know 
Appreciates complexity of knowledge. 



Statement 



An inner voice expresses awareness that 
teachers think base angles are equal 



'I know that base angles are equal because 
my teacher says so.' 



'I know that base angles are equal. Just look 
at them, they're equal ' 



'I know these are equal, but maybe ail base 
angles are not. I need a proof.' 

'I know that it looks that way. but? What about 
the triangles that other people looked at? 

Let's look at those too.' 



'Let's physically compare the angles. ' 

'Tel! me why you think that base angles are 
equal ' 



Source- Belenky ef a/.. 1986 



cominunit\' colleges, and high-schools as well as in sites of informal education such 
as human->scrvice agencies designed to support women in parenting. Based on 
hours of interviews with these informants, the authors propose 'stages' in knowing 
that differ in some fundamental ways from how men know, In doing so, the 
authors do not perceive these stages in the same way that w'e understand Piaget's 
stages. They are not nece.ssarily meant as a developmental sequence through w’liich 
all learners pass. Tliese w'ays of knowing do, how^wer, lepresent a progression from 
dependence to autonomy from uncritical to critical. As w^th all theories, complete 
understanding of these stages wull take time. In Table 20.1, I have attempted to 
illustrate the stages using the statement 'The base angles of an iscwceh’s triangle are 
equal' and indicating what an individual might say in each stage. These statements 
give a glimpse of what is going on for the knower. 

In the Silenee knowing stage, knowing is subliminal; it does not belong to 
the individual and is usually not vocalized. All sources of knowing are external and 
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come from authorities. The knower does not believe that she can learn from her 
own experience, and merely accepts or relies on an authority for all knowledge, 
which she docs not question. Here, the inner voice of the knower would express 
an awareness that teachers think base angles are equal. 

In the Received knowdng stage, people learn by listening. Knowing comes 
from what authorities say, and the student depends on authorities to hand down 
the truth. Thus, knowledge is dependent upon an external source. There is no 
sense that the individual can create her own truths. Here, the knower would say, 

‘I know that base angles are equal because my teacher says so.' I frequently 
encounter received knowers among my college students. These are the individuals 
who, when asked why you cannot divide by zero, tell you the reason is ‘my teacher 
told me’. They return the words of an authority. Learners in this category do not 
ask why a given rule is so, or wonder who gave their teacher the power to make 
such a decision. The authority that comes with being a teacher is all that is required 
for such students to accept the truth of a statement. 

The Subjective knowing stage is a powerful one for the knower and 
legitimizes w^omen’s intuition. Here, knowledge derives from within, from that 
which feels right. Knowledge no longer comes from outside the knower, and an 
inner voice lets the individual know that she is on the right track. In this stage, the 
knower would say, ‘I know that base angles are equal. Just look at them; they're 
equal.' Men and women handle this type of knowing diflEcrently. The male version 
asserts, ‘I have a right to my opinion,’ or ‘It is obvious.’ For women, there is a 
concern that their views do not intrude on those with opposing views. Their 
version is expressed as, ‘It is just my opinion,’ or ‘I guess I feel so.’ 

For Procedural knowing to occur, a person usually requires some formal 
instruction or at least the presence of knowledgeable people who may serve as 
informal tutors and are able to model the process of providing evidence in support 
of an idea. At the procedural sUge, the methodology used in providing evidence 
and presenting knowledge becomes important. In some instances, a particular 
methodology may be upheld as the way. 

Two types of procedural knowing are identified in the book. Separate 
knowing is based on the use of impersonal procedir'*: to establish truths. It is 
particularly suspicious of ideas that ‘feel right’ (as in ojective knowing). It often 
takes an adversarial form which is particularly diffic .v for girls and women, and 
separate knowers often, employ rhetoric as if playing a game. The goal of separate 
knowing is to be absolutely certain of what is true. It is better to eliminate a 
possible truth than to accept as true something which later may prove to be filse. 
The ‘separate knower’ would say, ‘I know these are equal, but maybe all base angles 
are not. I need proof.’ After this, she would go on to follow the rules of discourse 
in order to prove the statement. 

Connected knowing, the second type of procedural knowing, builds on 
personal experiences. It explores what actions and thoughts lead to the perception 
that something is known. Experiences are a major vehicle through which knowing 
something takes place. Authority derives from shared experiences, not from power 
or status. A creative process would be used to gain experiences from which a 
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Table 20.2: Procedural Knowing 



Separate Knowing 

Logic 

Rigour 

Abstraction 

Rationality 

Axiomatics 

Certainty 

Deduction 

Completeness 

Absolute truth 

Power and control 

Algorithmic approach 

Structure and formality 

Source: Gilligan (1982) 



Connected Knowing 

Intuition 
Creativity 
Hypothesizing 
Conjecture 
Experience 
Relativism 
Induction 
Incompleteness 
Personal process tied to 
cultural environment 
Contextual 



conclusion could be drawn. The ‘connected knower’ would say, ‘I know that it 
looks that way, but? What about the triangles that other people looked at? Let’s 
look at those too.’ In answering the question, ‘Why do you think that?’, the 
‘separate knower’ would look to deductive logic. The ‘connected knower’, on the 
other hand, would want to know what circumstances led you to that conclusion. 

It is in this stage, procedural knowing, that there is the most conflict with the 
traditional way of knowing in mathematics. If the only knowledge accepted as 
valid is that which can be statistically demonstrated or is based on deductive logic, 
methods that are independent of the knower’s actions, then that which is known 
through induction would be devalued. And in mathematics, is not knowledge 
developed through deduction viewed as more valuable than knowledge gained 
through induction? But, how do we know what to set out to prove (separate 
knowing) if we do not first know things through inductive reasoning (connected 
knowing)? Let us look at some words we associate with these two kinds of 
knowing (Table 20.2). React to them as valid processes in knowing mathematics. 
If it is true that women tend to be ‘connected knowers’ and men ‘separate 
knowers’, and taking into account the way we value each of these ways of knowing 
and the way we teach mathematics, might this help account for the relatively small 
number of women pursuing mathematics-related fields? The authors have no ‘hard 
data’, to use a separate knowing term, to support the notion that women favour 
connected knowing, but such a preference would certainly fit into Gilligan ’s 
(1982) categorization of the conceptions of self In fact, the authors of Women's 
IKiyy of Kftounng have borrowed the words ‘separate’ and ‘connected’ from 
Gilligan. 

The last stage in the model is Constructed knowing. Here, as the name 
implies, all knowledge is constructed by the knower. Answers arc dependent on 
the context in which the questions are asked, and on the frame of reference of the 
asker. This type of knowing is particularly relevant to mathematics; for example, 
the solution of an equation is dependent on the domain being considered, and 
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what can be proven is dependent on the axioms being assumed. It is in this stage 
that the learner can integrate her rational and emotive thoughts, as well as 
appreciate the complexity of knowledge formed from various perspectives. Here, 
the knower would use the creative aspect, induction, together with the rules ot 
discourse, deduction, in order to know something. The constructed knower 
would say, ‘Let's physically compare the angles. Tell me why you think that base 
angles . . .’ There is a willingness to describe how the knowing occurred. In 
constructed knowing, the artificial dichotomy between separate and connected 
knowing, presented in Table 20.2, becomes apparent and the two ways of knowing 
can be merged, as recommended by Moody (1989) and others who think and 
write about feminist science. Certainly this category of knowing fits very well with 
current constructivist views on the teaching and learning of mathematics (Davis 
ctaL 1990). 



Teaching and Learning Mathematics 



Having outlined the stages proposed in IlmNc/i *s of Ktiowin^ii, the issue I would 

now like to explore is what the implications ot this theory are for the teaching of 
mathematics. The authors make a plea for what they have termed ‘connected 
teaching'. Connected teaching would address the issues important to the learning 
of women identified in the book, and thus might help students develop into 
constructed knowers. Some ideas for connected teaching are listed in Tible 20.3 
below, wliich I have adapted from Buerk (1985) and Morrow (1987). 

In comiected mathematics teaching, one would share the process of solving 
problems with students, not just the finished product or proof. Students need to 
see all the crumpled papers we put in the wastepaper basket, if they are to 
understand that mathematicians do not arrive at a solution the first time or the first 
way. This means that when wc start teaching from a new mathematics book, we 
should not solve all the problems before class. Instead, we could show students how 
we start a given problem, make an error, and begin our solution over again. Female 
students need to watch women professors solve (and fail to solve) problems, and 
men professors fail to solve (and solve) problems. They need models of thinking 
that are human, imperfect, and most of all, attainable. 

Mathematics needs to be taught as a process, not as a universal truth handed 
down by some disembodied, non-human force. Mathematics knowledge is not a 
predetermined entity. It is created anew for each of us, and all students should 
experience this act of creation. Presenting mathematics in the ‘commercial with 
(male) voice-over' mode, as disembodied knowledge that cannot he questioned, 
works against connected knowing. The imitation model of teaching, in which the 
impeccable reaseming of the professor as to ‘how a proof should be done' is 
presented to students for them to mimic, is not .i particularly effective means of 
learning for women. 

In connected teaching, teacher and students would engage in the process ol 
thinking and discovering mathematics together. Alternate methods of solution 
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Table 20.3' Examples of connected teaching In mathematics 



Importance for connected Connecting teaching in 

Issue teaching mathematics 


Voice • 

• 

• 


Education occurring in the • 

context of conversation 
Gaining a sense of self 
Developing one's own 
authority 


► Students develop own 
justification 
Group problenn-solving 
Writing exercises 
Confidence-building 
workshops 
Class discussions 
Student-designed projects 
Teacher does not give 
answers 


First-hand 

experience 


Building on intuitive 
understanding 
Validating students' 
knowledge base 
Providing insight into reasons 
for area of study 
Encouraging activity versus 
passivity 


Applications-oriented 

workshops 

Drawing and constructing 
models 

Using visual representations 
Using computers 


Confirmation of 
self as knower 


Providing a basis for area of 
study 

Beconning a rule nnaker 
Beconning a constructor of 
knowledge 

Providing a basis for nnidwife 
nnodel of education 


Looking for what is already 
known 

Listening to students' reasons 
Respecting students' ideas 
Engaging class in outside 
activities 


Problem-posing 


Focusing on process rather 
than outconnes 
Allowing students to see 
uncertainties and understand 
knowledge construction 


Allowing students to struggle 
for solution 

Having high expectations 
Focusing on explanation 
Sharing our problem-solving 


Believing 

versus 

doubting 


• Giving students alternative 
nnodes for discourse 


Asking for right explanations 
even when right 
Answering questions with 
questions 


Support versus 
challenge 


• Allowing students to beconne 
independent learners 


Validating present 
understanding while pioviding 
challenges 


Structure 
versus freedom 


• Giving guidance/ment'^ring 

without innposing tyrannical 
expectations 


• Following prepared curriculum 

while allowing for explorations 


Souice Adapted from Buerk (1985) and Morrow (1987) 





Would be encouraged. In problem-solving, for example, more emphasis would be 
placed on finding another way to solve a particular problem, than on solving 
additional problems in the same manner. Students would use their intuition in an 
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inductive process of discovery. Here, the emphasis would be on generating 
hypotheses. For example, many polygons could be examined to determine the 
sum of their interior angles and in this way generate a formula for the sum of the 
interior angles of any polygon. Patterns could be used to discover why the product 
of two negative integers is a positive integer. The generation of these relationships 
would be valued as much as their verification, for without this prior inductive 
work, we would be at a loss to know what to prove. 

A metaphor used by the book to describe connected teaching sees the teacher 
as a midwife, nurturing the student’s newborn thought in a supportive environ- 
ment. The first concern of this inidwife/teacher is to preserve the student’s fragile, 
newborn thought. The midwife /teacher then supports the evolution or growth of 
this thought. The goal is not to replace it with a different, teacher-generated, 
‘better’ thought. Rather, it is to help the student’s thought grow, mature, and 
develop. Both the teacher and the student engage in this process. Their roles 
merge, and the teacher of students and the students of the teacher cease to exist 
while a new team emerges: teacher-student and students-tcachers (Freire, 1971). 

In connected teaching, groups are created in w'hich members can nurture each 
other's thoughts to maturity. Here, no one needs to apologiije for uncertainty. 
Questions are posed and potential answers are explored together. More courses 
would be conducted in a style of conuiiunity, and fewer would be taught in the 
masculine style of adversarial discourse or hierarchical pontification. Truth or 
knowledge is constructed through consensus, not through conflict. Diversity of 
approach is welcomed in discussions. Connected teachers trust «.heir students’ 
thinking and encourage them to expand upon it. This is particularly important 
because the women reported in the Belenky e/ al. (1986) study experienced doubt 
as debilitating rather than energizing. 

Recent research provides evidence that females prefer and do better in 
mathematics classes which use cooperative learning in small groups, rather than 
individualized or competitive learning strategies (Fennema and Leder, 1990). 
Moreover, as discussed above, a collaborative approach seems to oflbr more 
possibility tor connected teaching. Certainly, a small-group environment provides 
an atmosphere in which difierent points of view can be shared and students can 
discuss mathematics. And it is difficult to envision how students can construct their 
own knowledge by weaving together objective and subjective knowing in a 
mathematics class taught in a traditional teacher- centred lecture format. 

There is considerable evidence that mathematics teaching at all levels neither 
exemplifies connected teaching, nor encourages constructed knowing (National 
Research Council, 1989; Weiss, 1989). How much difference might such a change 
in the teaching of mathematics make in the improving attitudes and performance 
in the subject for more students of both sexes? Some beginning work in this 
direction is positive (Buerk, 1985: Damarin, 1990; Rogers, C'hapter 21, this 
volume). But, 1 suggest that much more research is needed to help us identify how 
best to encourage connected teaching, and to determine what impact it might 
have, especially on women’s participation in mathematics-based careers. 
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Questions for Future Research 

In this section, I will suggest some avenues for future investigation that revolve 
around IVotmi's Ways of Ktwmu^. This is a fertile area to study for it might take 
us beyond the research of the last fifteen years on gender differences in 
mathematics education by providing a different theoretical model with more 
explanatory power. 

First, I have reanalysed data collected before the appearance of IKvm'n V Ways 
ofKtiounnii (Becker, 1990, 1984). In this research, I conducted in-depth interviews 
with male and female graduate students in the mathematical sciences in order to 
identify factors associated with their decision to attain a graduate degree. Thus, I 
was focusing on the point between undergraduate and graduate study in 
mathematics at which we lose many women (see Friedman, Chapter 5, this 
volume). There were no questions in my protocol which specifically addiessed 
aspects of the Wtxys ofKtiouHu^ model. However, one particular portion 

of the interviews focused on the period at which students' interests in mathematics 
developed, as w’ell as on what students liked about the subject. Although then' 
were no gender differences apparent in these categories, several factors which 
relate to Womat’s IKiy.s* of Kuounu^^ are worth mentioning here. Beyond liking 
mathematics because they were goo(^ at it, graduate students were attracted by the 
problem-solving aspect of the subject, and particularly liked starting with certain 
assumptions and solving puzzles logically. The objective nature of the discipline, 
as described by the informants, also appealed to them. They liked being able to 
tell if a problem was solved or if a proof was correct. This observation leads to at 
least one area for further research. Are women in mathematics more likely than 
non-mathematicians to be separate knowers and thus be attracted to the subject 
because, at least at this early stage, they perceive mathematics to be an objective 
discipline in which they can find absolute truth? Do their views of mathematics 
evolve as they pursue further study and actually do research themselves? 

A second factor I observed in my studies was that nearly all informants 
developed their liking of mathematics quite early, and before high-school. 
Frequently, a teacher was mentioned as the one who piqued their interest by 
providing an enriched curriculum which went beyond arithmetic to include 
problem-solving or topics in algebra. Thus, there does seem to be the possibility 
that teachers and methods of instruction might make a difference in students' 
ultimate career choices. Could an extensive use of connected teaching affect more 
students in this positive way? 

Other questions which arise from the model as described in this chapter 
include the following: 

• Does the model represent how women (and men) come to know 
mathematics? How might we proceed in testing this model in mathe- 
matics? 

• Do more men fill into the separate knowing category and more women 
into the connected knowing category? Is there any relationship between 
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these categories and career choices? How might one begin to ascertain the 
type of procedural knowing category into which an individual fits? 

• Can the model help to explain the continued underrepresentation of 
women in mathematics-based fields? 

Because I believe that Women *s Ways of Knowing has important implications for 
the teaching of mathematics, additional questions relating to this area arise. This 
book does provide evidence that the traditional style of teaching mathematics is in 
conflict with how many women learn. Connected teaching, which emphasizes 
connection over separation, understanding and acceptance over assessment and 
doubting, and collaboration over debate, may be a more effective technique. We 
need to investiga*-e questions such as these: 

• Can a change to connected teaching at all levels reclaim mathematics and 
science for women students who have already been turned oft the subjects? 
For example, instead of giving up on women already in college who are 
choosing fields which do not require mathematics, can we attract them to 
mathematics and science by good teaching in entry level courses? Such a 
strategy has been suggested by Tobin*; (1990). 

• Docs connected teaching make a dii i cnce in student performance and in 
attitudes towards mathematics? 

• How can we help mathematics teachers at all levels become constructed 
knowers and connected teachers? 



Conclusion 

As mathematics educators continue to investigate ways to increase women's 
participation in mathematics and mathematics-related careers, the ideas in 
Women's of Knonnni^ should be given considerable weight. In so doing, the 
mathematics education of all students might be enhanced by the wider application 
of connected teaching. If the way mathematics is currently taught alienates many 
women because it does not appreciate or validate their ways of knowing, then 
many women may choose not to pursue mathematics and mathematics-related 
careers. 

What are the political implications of broaching the possibility of a dift'erent 
way of knowing? Should we fear that some will use this difference as a means of 
proving women's inferiority? There is always a danger that knowledge can be used 
against people, but there is a greater danger in not addressing this issue at all. If 
there is the chance that connected teaching could enhance the education of 
wom<‘n, then it is an approach that should be seriously considered. If movement 
fream subjective to connected knowing is based on experience, and if connected 
knowing is women's preference, then, and assuming we waot them to know, we 
must present information to women in a difterent way and accept another way of 
knowing. To ignore these difterences in how women and men come to know is 
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to deny large numbers of people access to mathematical knowledge. Addressing 
the implications of Women 's Ways of Knoin}ig will not only benefit female students, 
but society at large. Who can say what that roar which lies on the other side of 
silence might accomplish in mathematics? 



Note 

I Many of the ideas in this chapter ha\ e been developed through discussion with Judith 
E. Jacobs (see. for example, Jacobs (1994)). The author acknowledges her inspiration 
to pursue this topic, her scholarly thoughtfulness, and hei collegial sharing of ideas. 
Portions of this chapter have been published by Jacobs and Becker in the newsletter 
of Women and Mathematics Education and an earlier version was eiiscussed at a 
Symposium oflOWME in June 1991. 
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Chapter 2 1 



Putting Theory into Practice 



Pat Rogers 



Listen to a woman groping for language in which to express w'hat is on 
her mind, sensing that the terms of academic discourse are not her 
language, trying to cut down her thought to the dimensions of a discourse 
not intended for her. (Rich. 1979) 

Introduction 

A forceful impetus for changing my teaching has been reflecting on my own 
experiences in learning undergraduate mathematics and doing mathematical 
research,’ When I first started teaching. I adopted those practices I had observed 
as a student: I lectured. I believed that teaching at the post -secondary level involved 
the transmission of knowledge from me. the c.v;>n7. to the students, the ut>nVc>, I 
saw my job as exposing the students to the content of the course. The students' 
Job was to master this material by listening attentively as I explained ideas, by 
watching carefully as I showed them how to solve problems, and by practising 
solving problems on their own at home, I administered tests in order to measure 
achievement and to rank students in relation to their peers. Each lecture h.id a 
natural pattern: I intrc'^duced a topic, covered the blackboard with formulas and 
mathematical language, and worked a couple of illustrative examples. 1 asked a few 
questions. ! even elicited a few answers — usually from the same three or four 
(male) students. Finally. I assigned homework, I was considered a successful 
teacher. My course evaluatit)ns proved it. Students praised me for my enthusiasm, 
my organization, the clarity of my exposititui ny knowledge of the material and 
my accessibility. The most critical ctunment w'as a request to slow down a little. 
Yet. when the final examination came, many students tailed or wrote such 
incomprehensible answers that I wondered if we had all been involved in the same 
course. How could they do so badly. I wondered, when I had explained the 
material so \vvll? How could they r.ot buv the goods I had sold them so 
persuasively? Of course this tnnibleJ me. but it w.i* easy enougli to dismiss: 
‘Students come to universirs' so ill-prepared. If only we had better students, just 
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think what we could do!' A familiar refrain? 

Over the years I became increasingly concerned about the students in my class 
who were silent. These were students who sorely needed individual attention yet 
never used my office hcairs. These were the students who were heading for certain 
failure but were lulled into thinking they might pass the course because, as they 
often said, ‘It seems so easy when you do it on the board ' The majority of these 
students were female. I was able to experience their priva ce distress only when I 
began to reflect on my own experiences as a mathematics undergraduate at 
Oxford. It shocked me to realize how faithfully I was reproducing in my own 
classroom the structures which had so eftectively silenced and aisempowered me 
then. 

It seems to me there are two important questions to consider when examining 
the ways in which traditional mathematics pedagogN' at the post-secondary level 
may disempower students. Whose mathematics are we teaching? How are we 
teaching it? 



Whose Mathemarics Are We Teaching? 

As a high-school student, I was able to reconstruct for myself any formulas, rules 
or results that I needed. Some of my teachers even admitted to not knowing 
answers to many of the problems that I posed. However, at the university the 
professor was distant, remote and expert and I began to experience mathematics 
as something distant and imposed, not something that / had a role in producing. 
We were rarely given the opportunity' to play with mathematical ideas or to 
construct oui own meanings (except on our own at home). Instead, through the 
medium of the polished lecture (or textbook), mathematics came to me finished, 
absolute and pre-digested. 

A pedagogy' that emphasizes 'product' deprives students of the experience of 
the 'process' by which ideas in mathematics come to be. It perpetuates a view of 
mathematics in which right answers are the exclusive and sole property ot experts. 
Such a pedagogy^ strips mathematics of the context in which it was created and 
reinforces misconceptions about its very nature. Students permitted to see only the 
polished product may come to believe they can never create similar results for 
themselves ('I didn't know where to begin!'). 

Carol Gilligan's (1982) research in the field of women's moral development 
provides a link between 'math avoidance' and mathematics pedagogy." She 
identified two styles of reasoning, which although not gender-specif c are thought 
to be gender-adated: one, the traditional style, is characterized by objectivity, 
reason, logic, and an appeal to justice; and the other, ‘the diflereiit voice', often 
identified with wt)men and as a consequence devalued, is characterized by 
subjectivity, intuition, and a desire to maintain relationships. The ‘ditferenl voice' 
is rooted in an ethics of care and responsibility 

Dorothy' Buerk (1983) has studied Gilligan's styles in relation to the work of 
mathematicians. She presented a group of mathematicians with two lists of words 
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describing examples of ‘separate* reasoning (the traditional style) and ‘connected* 
reasoning (the different voice) in the field of mathematics. They unanimously 
identified the 'connected* list as representing the way mathematicians do 
mathematics. “*[M]athematics is intuitive'*, they said. They stressed the creative 
side: attention to the limitations and exceptions to theories, the connections 
between ideas, and the search for differences among theories and patterns that 
appear similar. And yet they agreed that the “separate** list conveyed the way that 
mathematics is conununicated in the classroom, in textbooks, and in their 
professional writing (Buerk. 1985). 

In reality, mathematicians employ both forms of reasoning in their work. But 
the problem with matiicinatics teaching, particularly at the post-secondary level 
where the lecture mode of instruction is so predominant, is that the creative- 
intuitive form is largely eliminated. Students are not given the opportunity to be 
involved in the process of constructing mathematical ideas, a process in which 
‘connected* thought is so important. There is an enormous cognitive gulf between 
the way mathematics is presented and the individual ways in which it is possible 
and natural to arrive at an understanding of it, or to construct it for oneself Some 
students are able to bridge this gap for themselves, but many are not. 

Of course, the expository approach to teaching mathematics affects all 
students, but it does not affect them all to the same extent. If Gilligan’s claim that 
women fivoura ‘connected’ reasoning style has validity, then the tendency of most 
teachers to take only the traditional ‘separate’ route lO mathematics could inhibit 
or prevent some students — especially women students — from claiming 
mathematics for themselves. 



How Are We Teacliing Mathematics? 

One important component of the expository method of teaching is the use of the 
distant authority to ‘impart knowledge*. Practices, such as lecturing, subordinates 
students knowledge and understanding to that of the professor and the even more 
distant authority', the textbook. Solving problems /iv students does not teach them 
to solve problems for themselves. Instead, it disempenvers students by rendering 
them passive, and eonveys mistaken notions such as, ‘there is only one correct 
solution, namely the teacher’s*. It can also give students the impression that the 
teachers lack confidence in their ability to solve problems for themselves, that is, 
to think mathematically. Such implicit judgments of students’ abilities as well as the 
more explicit verbal and written judgments tliey receive can stifle students’ 
emerging styles and diminish their confidence to engage. Indeed, while students 
do need to acknowledge that they will make mistakes, they also need t(^ know that 
they are intrinsically capable. According to the findings of Belenky et al. (1986), 
this may be particularly important for women students. The unconscious or 
uncritical use of authority in the classroom is a powerful disabler. 

The tact that women do tend to be more silent in the classroom is well 
documented. Belenky et al. (1986) ptiint to the difticuky with the developme*it 
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of ‘voice’ in situations dominated by male authorities. Krupnick (1985), in her 
study of gender in the classroom at Harvard College, found that women speak less 
often than male students, tend not to compete with them, and are more sensitive 
to interruption (they do not pursue their thought once they are interrupted and 
they are interrupted more often than male students). Inequiuible access to 
classroom discourse makes it very difFicult for women to cultivate and make use 
of an original voice. If alienation from the subject results when a student s ‘sense 
or experience remains unexpressed and/or uncultivated, if alienation can be 
thouglit of as a muting of the self (Lewis and Simon, 1986), and if the ability to 
articulate an idea signals ownership of that idea, then silence in the mathematics 
classroom spells a serious limitation in the ability' to claim a subject freely and with 
energy and self-confidence. I suggest that without this sense of ownership, the 
optimal development of mathematical thinking skills may not take place. Creative, 
subjective engagement will be curtailed, and therefore those thinking skills 
dependent on such engagement may remain underdeveloped. 



A Mathematics Pedagogy of Possibility 

I would like to outline an alternative approach to the teaching of mathematics, one 
which is rooted not in the authoritative and imposed sty'le which distances and 
silences, but in a style which encourages direct access and engagement, free 
creative expression, and ownership of the subject. This alternative might be 
thought of as introducing a feminist clement. 

The first element of this approach has been influenced, among other things, 
by an ethics of caring and responsibility' that is designed to enable those who have 
been silenced to speak (Simon. 1987). One must become, first and foremost, a 
‘caring teacher’. Here I u^c the term caring not simply as feeling of concern, 
attentiveness or solicitude for another person, but in the \'cry specific sense of 
‘caring’ as in helping ‘the other grow and actualize himself’ (Mayeroff. 1971). In 
this view, caring teachers are able to focus primarily, or at least initially, upon the 
student rather than upon the subject mattei. with the idea that the route to the 
subject is not imposed from without, but rather illuminated from within. They do 
not work upon their students, but with their students, looking at the subject matter 
from their perspective and at their level. Elsewhere. I have called this a student- 
sensitive pedagogy' (Rogers. 1988). for it is grounded in the students own 
language, is focused on process rather than cm content, and centres on the stud' :its 
individual questions and learning processes. Students who are ‘cared tor in this 
way are set free to pursue their own legitimate projects (Noddings. 1984). 

Another element in this approach involves demystifying the doing of 
mathematics. This includes such things as calling suid -nts’ attention to mathe- 
matics as a creation of the human mind, making visible the means by which 
mathematical ideas come into being and the process by wliich they arc ‘polished’ 
for public consumption. It also includes encouraging students to challenge 
authoritative discourse, and to teel that the gates to the mathematical community 
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arc open and that they have the skills they need to walk through and to operate 
within it. 

Reflecting on the differences between what I was doing in niy early teaching 
and what I came to believe needed to be done, I realized that a core difference lay 
in the engagement of students untliin the classroom in purposefuK meaningful 
activity. 



A Feminist Mathematics Pedagogy in Practice 

V 

In this section, I describe some of the ways I ha\c put the ideas outlined above into 
practice. At the beginning ot a course I discuss my goals with the students and 
make the goals available in written form. They fall into three categories: content- 
specific goals, process goals, and communication/social goals. The content- 
specific goals include the development of students skills in constructing 
mathematics and writing their own proofs clearly and precisely in convincing 
form. Process goals include the development of independent working skills (the 
more highly developed the individual working skills, the less the need for a 
teacher). Some of these skills include reading a mathematics text with under- 
standing: finding, analysing and correcting mistakes; and asking mathematical 
questions. Since mathematics is an activity which depends on communication 
between colleagues, social goals are also stressed and include helping students 
coUaborate with others; communicating ideas clearly and with confidence both 
orally and in writing; listening actively and oftering constructive criticism; asking 
and responding to challenging questions. My teaching methods \ ary depending on 
the chai.,eteristics of the particular class and the questions raised by the students. 
Following is a brief description of some of the methods I use most frequently. 

Lecturing 

I have not completely abandoned lectures; instead I use them sparingly for three 
main purposes: to introduce a new section of material; to conclude a topic and 
uraw everything together; to introduce a new concept and to motivate assigned 
readings and problems (this is usually a shon lecture given at the end of a session). 

Think-writc-pair-discuss 

The *think-write-pair-discuss’ idea is adapted from Davidson et ai (1986) and is 
the most useful and most frequently used of my current strategies. It is also tlie one 
that is most adaptable to student groups of all sizes. I present students with a 
question, or give them a segment of the text to read. They work independently 
at first, put their thoughts and ideas down in writing, and tlien form pairs to 
discuss, d his provides support for those students who are unsure of tiieii ideas or 
who have a fear that what they say might appear foolish in public. It has the efiect 
of increasing and improving participation and involving all students. This may 
precede or be integrated into all the activities which follow. 
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Whole-group dialogue 

Like a lecture^ whole-group dialogue is teacher-directed. Unlike a lecture, it is 
student-centred. Dialogue usually follows assigned reading and think-writc-pair- 
discuss activity, and operates by way of questioning. My questions aim to help 
students express their ideas clearly and with precision. For this, good active 
listening skills on my part are essential: I demand reasons for statements, and 
challenge students to formulate their ideas in their own words and explain them 
to each other. The latter is important because students arc often unable to 'hear 
their instructor, but are perfectly able to hear one another, and such listening and 
telling is empowering. 

Board work 

Students come to the board individually or in small groups to wTite up questions, 
problems, and solutions. We then discuss the solutions. I may assign problems 
ahead of time, and 1 may allow time in class for students to work on solutions in 
groups prior to the board work. Sometimes, several groups will work on the same 
problem at the board. 1 am then able to demonstrate that there is no single right 
approach to solving a problem. Students learn from each other and learn both oral 
and written presentation skills. At first, 1 do not require that students remain at the 
board to explain their solution and answer questions. How’ever, as the classroom 
climate becomes more supportive and students begin to encourage each other to 
participate, confidence in their abilits* to discuss mathematical ideas increases. 

Brainstorming 

1 give student pairs between two and fi\ e minutes to write down everything they 
know about a given topic. I then call on the pairs and all the information is put 
on the blackboard. Another way of gathering the information is to ask questions 
of each student in turn, giving students having the right to 'pass' — I call this 
technique ‘round robin'. Discussion then eentres around classifying and evaluating 
w'hat has been gathered. 1 use this technique most often for re\ iew or to begin an 
investigation (sec below) . 

Problem-posing 

Students generate their ow*n questions in a particular area. These are then 
examined, and the students commit themselves to a particular conjecture. For 
example, one year an early conjecture in my group theory course was Lagrange's 
theorem. Proving this theorem became the focus of our work for several weeks. 
This focus made the course problem-driven, a response to the students' own 
agenda and chosen avenues of inquiry. An activiu’ of this sort usually occurs 
naturally unlike an investigation which is artificially established. 

Investigation 

The class examines patterns found in concrete examples in order to unctner 
algebraic structure, (icnerali^ations are then made in the form of conjectures, and 
a theory which proses or disproves the conjectures is dewloped. I have used 
investigations to generate all standard structure theorems for finite groups. 



Putting Theory into Practice 



Small-group work 

Groups of two to four students work together while I circulate among them and 
check their work. This provides me with immediate feedback on student 
understanding and enables students to influence the pace and the development of 
the course. Even with large groups of over 100 students, where I can check only 
the work of the students at the aisle, I am provided with iinmediate feedback. 

Reading exercises 

The development of good reading skills is essential to gaining independence in 
mathematics. An effective way to help students d'^^'elop good reading skills is to 
insert question marks at crucial junctures in a proof before assigning it to students 
for reading. I ask students to rewrite the proof, repbeing each question mark with 
an explanation. I vary this activity after the students have gained some skill by 
having them insert their own question marks. To give students more practice in 
‘talking mathematics' I may ask them to give the e.xplanations for the question 
marks orally either to the whole group, or by having them pair up as in ‘think- 
write-pair-discuss’ — this is a particularly useful way to help students develop skill 
in understanding definitions. When students have more confidence I have them 
pair up to pull apart the statement of a theorem and write it in their own words 
prior to proving the result. All technical words must be defined. The structure of 
the statement is examined and a proof strategy outlined. This is often done in 
conjunetion with the ‘forsvard-backward proof' technique (see below). 

Proof generation 

The ‘forsvard-backward proof technique described by Solow (1982) in his book. 
How to Read and Do Proofs , is a very empowering strateg^^ It takes its name from 
the way mathematicians typically organize their thoughts when attempting to 
prove a conjecture. Although it cannot be successfully applied in all situations, it 
has virtually eliminated compleints from students in my courses that they ‘don't 
know how to begin!' 



Conwiu}iity 

A classroom climate characterized by safety and trust is essential for risk-taking to 
occur and for students to be willing to test their ideas and thoughts and develop 
fluency in mathematical language. In other words. I work to build a community 
of mathematicians. 

Some students have difliculty adjusting to my approach to teaching because 
it includes them constantly and individually. For this reason, constant monitoring 
of my teaching is important. I do this primarily through the use of ‘one-minute 
papers' (Wilson. 1 986). The one -minute paper is a simple device fc^r obtaining 
immediate feedback on the effectiveness of teaching. In one version. 1 ask students 
to take out a piece of paper in the last minute or two of a session and write down 
one or two points they are still ('onfused about. They hand these in anonymously 
and I use their responses to plan the next session. Alternatively. I may ask the 
students how they feel about various aspects of iny teaching. For example, through 
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this device I learned that one student found my questioning techniques and 
practice of asking her to come to the board were intimidating and humiliating for 
her. She did not like being singled out, fearing the public display of her perceived 
ignorance. On the other hand, she admitted that she appreciated the opportunity 
of learning from other students. Through negotiation, we were able to arrive at 
a compromise which made her, and many other students in the class, more 
comfortable about participating. The result was that I began to use the 'round- 
robin’ technique (in which students are allowed to ‘pass') more frequently and ha\'c 
students come to the board in pairs. In mathematics, once a climate of trust has 
been fir»-^y established, these one-minute papers can be used very informally 
during the session. For example, I might ask students to work through an exercise 
which will demonstrate whether they have understood a concept we have just 
explored. While they are writing, I walk around and check their work to see how 
well they have understood the topic before proceeding to a new one. 



Evaluation oj Student Li’aming 

I evaluate students' learning constantly in the sense that the student-centred 
teaching techniques and the one-minute papers I employ provide immediate, 
frequent and regular feedback on students' understanding of the course content 
and processes. Following is a brief description of some of the more formal 
evaluation methods I use. 

I assign homework regularly throughout the course and space these assignments 
so that, when combined with quizzes and examinations, students receive regular 
feedback on three kinds of written work. I encmirage students to collaborate on 
assignments but accept only independent write-ups. I comment on their work but 
do not grade it because I want them to experiment freely with the concepts and 
pix/cesses of the course without being penalized for doing so. 

Students can earn partiiipatioii nedit in a variety ot ways, allowing tor their 
individual learning preterences. Some ot these ways include visiting me for an 
oftice consultation, presenting aspects ot assigned readings in class, participating in 
assigned coll.iboratixe exercises, sharing ideas by coming to the blackboard and 
presenting a proof, asking questions, offering explanations, or joining in discus- 
sions, The issue of participation credit in the final-grade c.dculation is a matter ot 
stime concern to me. I have used it often in the past but have found that it can 
foster competition, regardless of the qualm* of classroom climate I ha\ e been able 
to establish. 

I give tests regularly, but only in conjunction svith giving students opportun- 
ities for impro\ ing their grades but more importantly their comprehension ot the 
course material. When I first assess a student's work, 1 simply indicate where the 
argument breaks down and award a mark, with no c.xplanation. Occasionally, I ask 
a question calling for clarification, fhe student then responds to me in writing. 
The impoitance of giving students a second chance lar outweighs its value in 
incteasing their grade An early failure in a course can be very dispiriting. As well, 
I believe that tests should and can be a vehicle for learning, and not solely an 
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instrument of evaluation. Many students tell me that they appreciate the 
opportunity to learn from analysing their own work, I have also found that it 
improves the learning environment in the class and reduces students’ test anxiety, 

I also believe in formal cxaniiniitions. Formal examinations are like final 
performances, an opportunity for students to pull the course together, to see it as 
a whole and to demonstrate how much they have learned, I have experimented, 
using cooperative learning techniques (see, for example, Aronson ct (?/,, 1978), 
with giving students responsibility for generating final examination questions. The 
result of this experiment in collaborative examination design was that it fostered 
a cooperame spirit among the students towards preparing for the examination — 
indeed they probably learned more from this activity than from the examination 
itself. 



Conclusion 

My first experience in employing participatory teaching methods dates back to a 
second-year finite mathematics course. Two other parallel courses were taught that 
year by other instructors using traditional lecturing methods. My main objective 
then was to prove to my colleagues that I could teach sixty students without 
lecturing, without compromising standards, and without disadvantaging students 
either because I ’covered’ less material or because they achieved lower final grades 
than students in the two parallel courses (these are the criticisms commonly made 
by mathematicians in regard to those who abandon lecturing). The result was 
encouraging and convincing. 

Measured by a coiviinon final examination, the three courses had almost 
identical averages. However students in my course obtained more of the highest 
grades ocerall and far fewer of them failed. Covering the ctnirse ccnitent piesented 
no difficulty', either for me or for the students, judging by their exanu nation 
success. Over two-thirds of the students participated actively in the course in cue 
way or another and only one student ctnnplained of any discomhirt with my 
teaLhing methods. 

Judged by examination criteria alone, one cani,ot conclude that the lecture 
method came out second best. However, it is clear that in this first try, my approach 
held up well against the traditional approach. On the other hand, it is questionable 
whether the impact of participatory, democratic teaching methods can readily be 
evaluated in the short-term, or by quantitative means. 1 was in fact more interested 
in discovering whether I (ouU teach this way and whether students would be 
responsive to these methods and learn from them. This took precedence in my 
mind over comparing these tei hniques with consentioiial methods or trying to 
prove their superiority, 

1 return now to the project with which I began this discussion, that of 
developing a pedagogN’ designed among other things to suit women’s styles of 
learning. Since that first experiment I have further refined my approach to 
participatory teaching m both advanced mathematics courses and in courses foi 
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prc-scrvice teacher candidates. Whatever tlie level of the students, whatever their 
background preparation in mathematics, however advanced or elementary the 
mathematics included in the course, the results have been the same. My courses 
enjoy high demand, lower than usual levels of attrition and absenteeism, and 
higher and more consistent achievement. What is more important to me, however, 
is the satisfaction students exhibit as they become fluent and competent with the 
process of doing mathematics, A consequence of teaching in this way, a 
consequence I have found more rewarding and compelling than any other, is the 
strong sense of community and caring that develops among students. Students are 
more concerned about each other’s welfare and progress than anxious to compete 
with each other for higher grades. Students develop close bonds of loyalty to one 
another which carry well beyond the course itself and arc often long-lasting. Lack 
ot competition is not usually associated with the mathematics classroom (however, 
see Rogers (1988)), yet it appears to be a very natural outcome of my teaching now, 
and evidently provides a more comfortable and equitable classroom environment 
for the female students I teach. 

Now that I know I tati reach this way, I discowr that I prefer teaching this way. 
It alkws me to know the students well and I am now much more aware how they 
comprehend the material — I do not have to wait until the final examination to 
find that out, as is so often the case when one lectures. By providing opportunities 
for students to hear and to dewlop their envn voices through engagement in 
authentic mathematical acthity within the classroom, I am able to engage them 
in purposeful, meaningful academic discourse, allowing them to claim ownership 
of mathematics for themselves. In so doing, I believe I not only avcaid 
discriminating against students who are currently denied iccess to mathematics 
(especially women), but I also prov ide a more meai ingthl and equal mathematics 
education for all students. 



Notes 

1 This chapter is a revised version of Rogets (1992). 

2 I Use the term 'math as-oidaiice' because it is well known. However, my own view is 
that society has tiuuen to exclude wotneti from the study of matlieni.itics. Labelling 
women’s absence from matliematies 'avoidance' is a monocultural view because it fails 
to recogni/e that it is the disciplitie (iti both "^enses) of matliematies itself which turns 
women away. Women may indeed choose to avoid matliematies. but the term ‘math 
a\ oidance' does not connote a deliberate choice. 
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Gender Reform through School 
Mathematics 



Sue Willis 



Introduction 

Feminists, from a variety of perspectives, have argued that aspects ot school 
mathematics disadvantage girls. Some adjustments to curriculum have occurred in 
order to make school mathematics less overtly sexist and more attractive to girls, 
and some exciting and innovative curriculum projects have been developed. 
Nevertheless, certainly in Australia, and I believe elsewhere, these developments 
tend to remain marginal to the mainstream curriculum, while major mathematics- 
curriculum reforms occur with little serious attention to matters ot gender. While 
many feminists continue to critique school mathematics, on the whole the 
mainstream mathematics curriculum remains unchallenged and relatively 
unscathed by feminism. Even those of us who are most concerned with girls and 
mathematics have tended to focus on access as the problem, the task being ‘to get 
it rather than change it' (Johnson. 1983. p. 15). 



Changing Girls, Changing Choices 

Reform programmes that target girls and mathematics often ha\e tocused on 
changing girls by improving their achievements, attitudes, confidence, self-esteem, 
and risk-taking behaviour, or on altering their educational or career choices by 
improving their participation in mathematics or mathematically related occupa- 
tions (Ken way and Willis, 1993). The former include programmes intended to 
enhance self-e‘,cem with respect to mathematics, coupled with courses aimed at 
building confidt. ice and competence in mathematics. The latter include the use 
of role models, workshops designed to ‘motivate mathematics, educational and 
career support and ad\ice. all intended to encourage girls to make pro- 
mathematics choices. As important as many of these programmes have been and 
may continue to be. in my view reforms that have as their main focus changing 
girls or changing their choices will have limited success in enhancing female life 
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options. Let me sketeh out some ofniy reasons for this view.’ 

First, they suggest a deficit view of girls — that there is yinething lacking or 
ill need of reconstruction — even when the intention is to value and affirm girls 
and girlhood. In order to argue disadvantage and justify intervention, we often find 
ourselves emphasizing difference in a form that negatively compares girls to boys, 
women to men. In mathematics, girls lack self-esteem or confidence, they fear 
success, they make poor choices, they do not understand or act in their own best 
interests, they achieve less well — all relative to boys. Thus, we perpetuate certain 
ways of viewing females and males which undermine girls and women. Indeed, 
girls have the right to question the extent to which many of us, who are supposed 
to have their best interests at heart, remain silent in the presence of such subtle 
undermining. Male skills and attributions are seen as the norm against which 
females become the negative other — to become equal is to become male. 

Second, implicit in many of these approaches is the view that the relative 
educational disadvantage of girls causes their occupational disadvantage. That is, 
gender inequalities in the working world can be overcome if sufficiently many girls 
leave school with the necessary mathematical skills and attributions to take their 
full share of the ‘good Jobs', or if they change their individual aspirations and 
decisions. That girls should plan for economic independence and consider the full 
range of choices which may be available is clear. That their choices about 
mathematics should not be constrained by their gender is also. However, in 
attempting to encourage more girls and young women to ' participate in 
mathematics, we often paint a rather rosy picture of the advantages which will 
accrue to those who do so. For it is not at all clear that, if girls and young women 
made the same mathematics and career choices as boys and young men, their 
earnings, status, and level of employment would be the same. Horizontal 
desegregation of the labour market may be desirable, but as long as vertical 
segregation remains in place, women are likely to be worse off in male-dominated 
fields (Ken way, Willis and Ju nor, 1994). 

My third concern is closely related. Encouraging in girls a sense of agency is 
essential, and it is here that the real strength of many programmes which endeavour 
to change the ways girls think about their lives is found. To suggest or imply that 
girls have a ‘free (unconstrained) clioice* to be and do anything, and that their 
‘disadvantage' can be overcome by changes in their individual attributions or 
choices about mathematics is, I believe, dishonest and possibly even cruel. The 
options of girls struggling with poverty, racism, isolation or disability are often 
quite limited, regardless of individual qualities or decisions. Furthermore, all of our 
choices are constrained by cultural norms and values associated with gender, race, 
and class. Around the world, women are still regarded as the primary care-givers, 
and girls and women shoulder the major responsibility fortending the social fabric. 
In Australia, the struggles of women and men to adjust the ways that families are 
cared for have become a media event. Some progress has been made, but not as 
much as wc had hoped, or as is often suggested. I beliew that while we, as feminist 
educators and mathematicians, acknowledge this, our educational programmes 
often do not. 
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We try to keep our messages to girls simple and often they become simplistic. 
This may explain why many girls don't find our arguments particularly persuasive. 
Recently, colleagues and I interviewed a considerable number of l4-year-old girls 
and boys (Willis, 1991). With only a few exceptions, the girls saw their lives as tied 
to fundiimental conflicts of choice. They were planning their futures and expected 
their lives as women to be segmented and manifold, while the boys were quite 
vague about their futures but perceived their lives more uni-dimensionally. Even 
amongst the ‘post-feminist’ girls who insisted that ‘everything was equal now' and 
‘we can do whatever we like’, there was almost always a ‘but . . .'. In essence, these 
girls \wre telling us that they knew the gender-imposed constraints surrounding 
their choices were real, not imaginary. Yet we are quite often exasperated when 
we try to convince girls that they can be engineers and they persist in missing the 
point and asking who is going to tuck in the baby. When we tell them they can 
do anything, they suspect we mean that they are expected to do everything. 

Fourth, approaches focusing upon ‘changing choices' implicitly accept the 
hegemony of mathematics by which secure and high-status futures are seen as 
'naturally' accruing to the mathematically privileged. As almost any adolescent will 
tell you, the true power of school mathematics lies not in its utility in further 
education and employment, but in its usefulness for accessing them. That is, a 
major function of mathematics is as a dc facto intelligence test and consequently, as 
a filter between school and sometimes quite unrelated further educational and 
occupational opportunities. School mathematics, however, systematically dis- 
advantages students not only on the basis of gender, but also on the bases of social 
class, race, and ethnic identity (Walkerdine, 1989; Dowling, 1991). Thus, school 
mathematics is deeply implicated in reproducing social inequality. The problem for 
feminists in mathematics education is that once having sold mathematics as an 
investment in the future, we can hardly attack the very exclusionary practices that 
maintain that investment potential. 

Finally, interventions such as those 1 have been arguing against arc typically 
marginal to the mainstream mathematics curriculum and fail to challenge it in any 
significant way. Indeed, they may actually reinforce the notion that ‘the problems' 
of girls and mathematics lie outside the classroom and school. Over the past three 
years, some colleagues and 1 have undertaken a series of case studies in Australian 
schools to investigate the reception of gender-reform messages by students and 
teachers (Kenway and Willis, 1993). Given the high visibility of the ‘problem of 
girls and mathematics', and a push from government and industry to increase the 
numbers of girls and women in mathematics, science and technology, we were not 
surprised to find that female participation in these subjects was a major topic of 
dis('ussion in many schools. What was surprising, however, was just how little ot 
an eftect this had on the practices of mathematics education. Only a very few 
primary or secondary school teachers believed that the mathematics curriculum 
might be gender-inflected and that reform was either necessary or possible, for 
after all 'girls are as good as boys at mathematics and we don't make any distinctions 
between them.' 

Several years ago, a televisuMi-advertising campaign designed to encourage 
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girls to choose more and 'higher’ mathematics was launched in several Australian 
states. Put simply, the message to girls was that ‘mathematics multiplies your 
choices’, and to parents that you should not ‘pigeon-hole your daughter’. This 
campaign was read by many teachers we interviewed as confirmation that ‘the 
problem' lies with the poor choices that girls make as a result of social and peer- 
group pressure, home influence, or a lack of accurate information about their 
options and futures. Thus, they appeared to hold the rather complacent belief that 
the curriculum was not an issue, and that it was equally appropriate ‘for all 
students’ in both content and pedagogy or, to the extent that it might not be, it 
was inherent in the ‘nature of the subject’ and, therefore, unalterable. Some 
suggested that the problem might be mathematics anxiety, low self-esteem, or a 
lack of confidence, but had ‘no idea’ how this might arise — these characteristics 
were, it seems, a corollary to being born female. 

For these reasons, I believe that a focus on changing girls and/or their choices 
will not deliver justice in and through school mathematics. At best it will be 
insufficient to the task, and at worst may prove counter-productive. I suggest that 
for feminist mathematics educators, a more productive locus can be found in 
changing curricula. 



Gender-Inclusive School Mathematics 

CAirricuium reforms designed to provide a different and better experience of 
mathematics for girls may, themselves, be informed by difterent feminist (and non- 
feminist) perspectis'es. As a result, they will vary in their extent and form. In this 
seetion, I will suggest some of the characteristics we might expect in a reformed 
mathematics curriculum. 

Towards Non-sexist ("urricnlum CAmtent 

That school mathematics should not be sexist hardly needs to be said. There is 
some aeceptance that we should use non-sexist language and illustrations. 
<T'rtainly in Australia, many teachers would routinely expect textbooks to pass the 
'non-sexist test’. That some of these changes are more apparent than real, and that 
much of the '.exism of school mathematics is more deeply embedded than ean be 
addressed by surface changes in text materials is perhaps less well understood or 
accepted. 

Increasingly, we have come to understand how mathematics curricula tend to 
emphasize the experiences, concerns, and interests associated with masculinity 
rather than femininity. Clearly, success with mathematical tasks will come easier to 
students who already have a grounding with the ideas underlying the task, or who 
are familiar with the context in which the task is embedded. Heleen Verhage 
(1990) reported tlut she and her eolleagues had been given the task of developing 
a mathematics curriculum which is both more realistic and more attractive to girls. 
By 'realistic mathematics education' is meant that the mathematics must be 
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‘derived from the reality around us [as well as be] applicable to this reality’ and 
furthermore, that students should ‘rediscover (scraps of) mathematics and 
construct it themselves’ (Verhage, 1990, p. 61). She observed a mathematics lesson 
on the study of symmetry and tessellation which drew on embroidery, a context 
more likely to be familiar to girls than to boys, and remarked, 

[I]t was my impression that the girls clearly felt stronger during thi *. lesson. 

They were at an advantage right away as it took the boys a while to 
actually get started due, for instance, to having trouble threading the 
needle. The teacher told how, during the previous lesson, it had been just 
the other way around, when it concerned building brick walls. (Verhage, 

1990, p. 66) 

Examples such as this demonstrate the importance of context in enabling 
students to make the most of the learning opportunities provided in the 
mathematics classroom. Since many of the contexts in which mathematics is 
presented are more likely to centre in the lives of boys than girls, this gives boys 
a distinct advantage. Furthermore, such contexts must send quite clear messages to 
girls and young women about where mathematics came from, who it is for, and 
what its relevance is to them personally and to women collectively. Mathematics 
problems are likely to be either embedded in contexts more ta miliar and 
comfortable to boys, or decontextualized and ‘de-pcopled' altogether. Neither 
seems particularly friendly to girls. 

Curriculum innovations such as that developed by Heleen Verhage seek to 
address this concern and are exciting and important. Unfortunately, the results of 
these efforts are often interpreted as simply adding to the repertoire of good 
activities and contexts from which particular mathematical concepts can be 
derived. Indeed, there is a widespread view that gender- in elusive school 
mathematics is largely a matter of making available the 'right’ resource materials. 
As a teacher of mathematics said to me recently (private communication), ‘I don’t 
have any problems with that [gender equity' in school mathematics] if the resources 
are there’. The ‘right’ resources are balanced, presenting both sexes ‘equally', and 
providing a range of examples interestin * to all. According to many teachers, 
curriculum writers, and publishers, the ‘right’ resources also take subtle or indirect 
approaches to gender equity. There are certain problems with this notion, to 
which I will return shortly. 

Good at Mathematics 

The work of Valerie Walkerdinc and her colleagues has provided considerable 
insight into the gendered (and elassist) construction of mathematical ability. Their 
early work (Adams and Wiilkerdine, 1986) suggested that children learn that 
success in mathematics requires a passive approach involving rote-learning and 
rule-following, while what is seen as intelligent behaviour in mathematics is active, 
exploratory, and rule-challenging; the former behaviour often being associated 
with femininity, the latter with masculinity. Curls, even high achievers in 
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mathematics, arc described as hard workers, plodders, capable, neat, conscientious, 
and helpful. Since these are not the characteristics which connote talent in 
mathematics, girls’ early successes are not regarded as a sign of tai^nt or even of real 
learning, 'instead of thinking properly, girls simply work hard’ (Adams and 
Walkerdine, 1986, p. 84). 

Walden and Wdkerdine (1986) suggest that the contradiction between the 
practice of school mathematics which emphasizes rule -following, and the 
perception of the discipline that sees real mathematics learning as about 
challenging rules, leaves girls in an ambiguous position. It sets up a conflict 
bcrw'cen what is regarded as necessary to achieve femininity and be a 'good girl’ 
by doing what the teacher asks, and what is necessary to be regarded as 'really 
good’ at mathematics. Vicki Webber (1991), in a case study of one of her adult 
students named Jenny, provides a powerflil account of the manner in which 
notions of being a 'good girl’ are embedded in the practices of the school 
mathematics curriculum. Jenny’s hold on mathematics is very fragile and she feels 
a fraud. As Webber (1991) remarks. 

When the knowledge comes from outside yourself, you don't own it, you 
have only a tenuous hold. You doubt the integrity of your own intellect 
... you are sure you will be found out . . . you hold your breath and wait 
to see if you’ve got it right. Maths is an extreme example of waiting for 
someone else to say, 'you’ve got it right, good girl'. (Webber, 1991) 

Jenny drew parallels between learning to be Catholic and learning mathematics: 

Religious instruction, like maths, was filled with 'givens’ and to question 
them was 'brazen, uppity’. Like the catechism she learned her maths 'by 
heart’. Like the Latin mass, maths was a secret language imbued with 
power, and which could only be understood by certain chosen initiates. 
Maths too was ancient wisdom that one could not question, could not 
presume to understand . . . [As Jenny says,] '. . . these theorems had more 
or less been handed down in the twelve tablets to Moses, and you’ve got 
no right to think about them because they’ve been developed by ail these 
great minds. You’ve got nothing to contribute to this process. So you’ve 
got to learn them off by heart, to meet the requirements of being good, 
of being in the right.’ (Ibid.) 

For Jenny, 'maths was an altar with no steps up' and, in any ease, girls could not 
be altiir-boys. Webber recounts, 

Jenny felt in school that mathematics performance was closely associated 
with 'being a good thinker' and 'being mentally competent’. She had a 
strong sense in childhood that 'my mind wasn’t good, but I can learn 
things by heart, and I can imitate quite well*. ‘Real understanding’ is the 
domain of the great minds of men, women’s understanding comes from 
the path offiith and devoted effort, (Ibid,) 

This is not to suggest that girls are forced out of mathematics by some sort of 
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patriarchal conspiracy. Teachers of both sexes are as caught up in these processes 
as are students who, themselves, are not passive in the proeess as they struggle to 
make sense of conflicting messages. These eontradictions, however, are part of a 
whole constellation of classroom practices which position males and females 
dificrently with respect to mathematics. As Walkerdine remarked, ‘our education 
system in its most liberal form treats girls “as if’' they were boys. The “clever girl” 
is positioned as though she could and can possess the phallus, while she has to 
negotiate other practices in which her femininity is what is validated.' (Walkerdine, 
1990, p. 46) The achievement of gender equity in mathematics education will 
require us to address the ambiguity^ involved in school mathematics for girls, a 
formidable task, and one we have hardly begun. 



Towards a Diffcrcut Conception of Mathematics 

While the research is still fairly limited, considerable anecdotal evidence suggests 
that girls and young women need to experience mathematics as a way of knowing 
and finding out, as well as to understand its tentative, intuitive, exploratory, 
human, and therefore fallible, nature. Jenny, for example, tells us that it can be 
different for her. After engaging in some problem-solving tasks, she said. 

After that I understood that this is how maths has developed through 
history. Mathematics is a shorthand for describing a real, meaningtul 
process ... I knew what that formula was about. It was an expression of 
what 1 had actually done ... I know now where a formula comes from, 
that no matter how complicated it comes from real problems in the real 
world. (Webber, 1991) 

It seems that our students need to know that matheinaties makes sense, that they 
can make sense of it, and that they can work it out. 

Several years ago, the Australian Government set up a programme which 
funded the development of ‘gender-inclusive' teaching materials in mathematics 
and science. Mary Barnes was commissioned to produce a set of student text 
materials for teaching introductory calculus at the secondary level. As with the 
Netherlands project on realistic mathematics education, the goal was to model a 
curriculum that was non-sexist, used a more inclusive range of contexts, and 
acknowledged and incorporated women’s contributions to both mathematics and 
society. It was to be rigorous and intellectually demanding, acknowledging and 
valuing some of the power of the ‘disembeddedness’ of mathematics, while at the 
same time embedding it in social concerns and people-oriented contexts. 
Furthermore, it was also to present mathematics as making ‘human sense', non- 
arbitrary and fallible, produced by and for people, and having aesthetic, cultural, 
and instrumental importance. A rather ambitious agenda! 

According to Barnes, the course stresses mathematical modelling and the 
solution of realistic problems, with less emphasis on traditional applications from 
the physical sciences and more emphasis on issues of importance in students’ lives. 
It involws students working collaboratively to investigate problems, explaining and 
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clarifying their thoughts in the process, while at the same time sharing insights, 
experience, knowledge, concerns, and confusions. The goal is for students to 
understand that mathematics should make sense and that they, themselves, are 
capable of deciding when something does or does not make sense. 

The materials are now published (Barnes, 1991, 1993), and the indications 
regarding their use are encouraging. Although some students in the trials did not 
respond positi\'ely to the changes, most did. Overwhelmingly, their conunents 
reflected an increased confidence in the quality of their knowledge, as well as a 
feeling of control over their own learning. They commented about under- 
standing: 

Girl My dad said he never really understood what it was about ... I 
understand what it is about and I can do the problems whereas he can do 
the problems without really knowing. 

Boy When you get in groups you learn better, because you are mixing 
up your knowledge. 

Boy The course is much easier to understand because we know why. 

Girl They did make sense unlike other things wc were doing in maths , . . 
we were able to understand where they came from ... 1 enjoyed it. 

about taking responsibility' for their own learning: 

Girl At first the groups did what she [Mary, the author] said, you know 
had one of us writing and one timing . . . But then only one person h\d 
the ideas written down, so if you looked at it at home you might not 
remember. So now we talk about it and deeide what we all want to say 
and then we all write it down . . . Sometimes we argue but not usually. 

Girl You have to make sure you stop and say in your group. Well, what's 
going to happen? and make sure everyone understands the why and then 
do it . . . We just plugged it in [the computer] for a while and wc didn't 
learn anything. But we realized. 

and about purpose: 

Girl The best thing about them is how they related to real life. Most of 
the problems were practical. It makes it easier. 

Boy It's more real life so you had to think about it more. There were no 
real formulas. 

One teacher, commenting about his female and male students, said, ‘I have 
been so overwhelmed . . , by the insight they have about graphs and the derivative 
function and what the derivative does . . . They are just so much more powertul 
than the previous group. Their ability to justifv' things like the chain rule was 
breathtaking.' To be able to describe students as ‘powerful’ in doing mathematics 
is surely what we would like to achieve. Quite a few teachers conmiented on 
gender difl'ercnces in response to the approach. Girls, they variously claimed, 

• wea‘ more ready to share and to talk freely: 
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• were enjoying this work although they hadn’t in the past; 

• work better in groups; 

• had more self-discipline; 

• were more worried, but would come and see you about problems; 

• were more creative; 

• wanted to know why; and 

• found the examples more interesting [than girls studying calculus have in 
the past]. 

Boys, bv contrast, teachers said, 

• were less ready to share their ideas; 

• tended to waste more time; 

• tended to be domineering, but now realize that other people have positive 
things to say; 

• were more easily distracted; and 

• were happy to just do it [rather than know^ why] and come up with the 
answer and think that’s great. 

It seems that in these classrooms, teachers and students of both sexes are 
beginning to change their perceptions about what mathematics is, w'ho produces 
it and how, and W’hat it means to learn mathematics and be good at it. Making such 
curricula a reality in schools is an ambitious goal, but were we to be successful, 
surely it w'ould be both more rewarding and just. The fundamental question, 
how'ever, is would it be emancipatory? Probably it would, but for it to fully reach 
its emancipatory potential, I believe it must be accompanied by explicit attention 
to gender and power relationships, as well as to how mathematics is implicated in 
perpetuating inequalities in these relationships. 



Socially Critical Curriculum in Mathematics 

Earlier I suggested that, to the extent that more ‘gender-inclusive’ curricula are 
developed, there is a preference for ‘subtle’ and ‘indirect’ approaches where the 
gender ‘agenda’ is nor made explicit. As director of the programme through which 
Mary Barnes’ materials were generated, I was constantly warned of the danger 
that, by being either too direct in our approaches, or too explicitly feminist, our 
ctforts might be rejected by teachers. This dislike of direct approaches seemed to 
lie in their potential to be disrupti\*e to the good progress of the class ‘as a whole’. 
Potentially disruptive approaches included those wdiich confront sexist assump- 
tions and behaviours explicitly, and thus might oflend some teachers, students or 
parents, or, perhaps, disturb or delay the achievement of the primary goal, that is, 
teaching ‘the curriculum'. The argument was that nothing would be achieved if 
the materials were not used because teachers or students found them too 
threatening. Since the materials produced through the programme were intended 
for mainstream use, we succumbed and so few ot our products were explicitly 
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feminist. However, as illustrated by the follovving three examples, certain dangers 
are inherent in such indirect approaches. 

Paul Dowling (1991) describes a well-known 'counter-sexist’ mathematics 
textbook. Female names and pronouns are regularly used in conjunction with 
traditional male occupations and roles, and \dce versa, but this is done without 
comment and the resulting dissonance is 'occasional and never explored’ 
(Dowling, 1991, p. 3). Dowling suggests that this often becomes a target for 
humour, which may be counter-productive. He also recounts a story relating to 
an activity in the textbook which involves ‘famous people’, two being women, 
George Eliot and Florence Nightingale, The illustration was of a statue of George 
Eliot, with her name clearly printed below. One (female) student he spoke to 
assumed that the statue was of Florence Nightingale and had been misnamed. This 
student dealt quite readily with the dissonance involved in having a female figure 
given a ‘male’ name by explaining it to herself as an error. For this student, at least, 
the textbook was not at all disruptive, 

Helcen Verhage (1990) recounts how a student in a lesson on symmetry and 
tessellation commented, ‘This isn’t math. This is sewing class’, to which the 
teacher replied, ‘When you have to draw a circle you don’t call it drawing class, 
do you?’ (Verhage, 1990, p, 66) The teacher’s answer is valid, as is the underlying 
point that school mathematics is a social construction. Such occasional and 
incidental rebuttals, however, are unlikely to challenge the student’s perception of 
what mathematics is, what counts as mathematics, and, therefore, what it means 
to be good at mathematics. 

Students and teachers were interviewed during the trial period of Mary 
Barnes’ calculus course. One common early reaction on the part of teachers was 
that the materials required mon? reading than students would do and that, in 
particular, this would disadvantage their weaker pupils. When asked to gather 
more inforn »tion about who exactly was and wasn't doing the reading, and who 
was complaining, the teachers returned rather abashed. They had failed to notice 
that the original complaints had derived from a vocal minority of high-achieving 
boys, and a few high -achieving girls, who felt that there was more explanation 
provided than was necessary and it slowed them down. The students whom the 
teachers regarded as ‘less able’ insisted that they did the reading, and as one student 
fiercely demanded, ‘Don’t you remove a single word.’ Moreover, it was 
predominantly the high-achieving male students who were most reluctant to 
participate in the group work that was an essential component of the course. These 
observations demonstrate how, unless we are vigilant, those already privileged in 
mathematics can continue to control and define what constitutes mathematics in 
school. 

The above examples demonstrate that gender-inclusive materials do not by 
themselves ensure a gender-inclusive curriculum. In each case, interpretations 
wem based on existing frameworks and, in the absence of any disruption* the 
potential for significant change was not there. 1 would argue that the effect of the 
intervention would be more powerful in each instance if the agenda were made 
clearer. What is needed is a more socially critical mathematics curriculum in which 
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mathematics is regarded both as a powerful tool for critique, and also as an object 
of critique. Allow me to provide just a glimpse of what this might mean. 

Women have traditionally sold their skills cheaply because they and others 
either do not recognize them, or may even denigrate them (sec, for example. 
Pocock. 1988; Holland, 1991). Often, women have not been prepared to believe 
that they had any skills worth possessing unless they were male -defined. This is as 
true of their mathematical labour as it is of their labour in general. As Mary Harris 
(1989; see also this volume, Chapter 9) has pointed out, designing the lagging for 
a pipe that turns at right angles is an engineering feat requiring significant 
mathematics, while designing a sock for the heel of a foot is a trivial knitting task 
requiring insignificant mathematics. However, as I have already suggested, simply 
ensuring that socks and pipes, embroidery and bricks arc equally represented in a 
mathematics curriculum is unlikely to be enough. The question of why sewing 
isn't mathematics, while bricks and circle drawing are, needs to be addressed with 
students. Indeed, Helcen Verhage (1990) raised the vexing question of whether 
activities such as embroidery are emancipatory or merely serve to confirm 
traditional role patterns. In my view, the reception and effect of such activities is 
likely to be influenced by the extent to which their gendered nature is made 
explicit. As a colleague and I have argued elsewhere (Ken way and Willis. 1993). 
‘home’ still signifies the place of the female, apart from the public .md important 
world of the male. By leaving ‘home’ out, we may actually emphasi*:e its 
unimportance and hence female unimportance, thus reinforcing rather than 
reducing gender stereotypes. As I suggested earlier, tc') be equal is to be male. 

A recent Australian newspaper advertisement promoting a city building project 
which would generate ‘thousands of jobs' provided a series of about fifty male and 
female figures labelled with the name of a job and the number of positions to be 
generated if the project went ahead. In the advertisement, 8.3 per cent of the total 
number of jobs were represented by female figures, and not a single one was of non- 
European origin. Women and minority Australians remain the silenced unem- 
ployed. A close look at the poses and style of dress of the figures also revealed appalling 
gender, class and racial stereotypes. Images, such as these, do the most damage when 
their sexism, classisni, and racism go unnoticed at the conscious level and are thus 
absorbed as natural or accurate descriptions of the world. The mathematics 
curriculum can make students aware ofsuch things in order to deal with them. Issues 
relating to unemployment and ‘women’s work’, both paid and unpaid, might 
become the focus of any one of a number of short or extended projects in 
mathematics. We might, for example, ask students to use their mathematics to 
investigate the consequences on women, both individually and collectively, as well as 
on the entire community, of not defining domestic labour as ‘work’. 

Elsewhere (Willis, 1994), I have described an Australian series of mathematics 
textbooks which on the surtace appeared to have made considerable eflbrt to b'' 
non-sexist by using gender-neutral language and illustrations, and by having girls 
and boys equally represented and equally and actively involved in ‘real-world’ 
mathematics. However, an anal/sis of the representations of adults in the texts 
provided quite a different picture. 
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Almost all women (except teachers) are referred to as mum or grandma 
or the butcher's wife, almost always cooking or shopping, and rarely given 
a name. Men, on the other hand, are occasionally called dad . , , but are 
mostly given names and described in terms of their job. Men have and 
handle more money. To what extent do these books help to convince 
boys and girls that their mothers should be at home and available to help 
out at school, and their fathers should be supporting the family 
financially? And do they imply that girls and boys should chose to emulate 
these more ‘suitable' mothers and fathers? While mathematics is now 
regarded as important for all students, perhaps lower levels of mathematics 
arc sufficient for women's work. (Willis, 1994) 

One approach to dealing with such materials might be not to use them. Is it 
conceivable, instead, that we might use them as an object of study, that students 
might be asked to investigate how men and women are constructed in their 
mathematics textbooks? Might not they also use their data collection and analysis 
skills to inwstigate wlio controls the classroom agenda and whose interests are met 
by the materials they use? 

1 commented earlier on an Australian television campaign aimed at encourag- 
ing more girls to participate in mathematics during their upper-secondary years. 
The advertisements asserted that you have 400 per cent more choices if you do 
mathematics. Unsuccessfully, 1 tried \’ery hard to find justification for such figures 
and, indeed, the explanation of the data which was provided to me showed a clear 
misuse ot mathematics. Were we seriously claiming that 80 per cent of all jobs, of 
every kind of job for every kind of girl, needed mathematics in the final two years 
of schooling? Of course not. By increasing participation in mathematics, will we 
be increasing the number of jobs available? Again, the answer is no. Most popular 
analyses I have read which attempt to forecast where the jobs will be in the future 
suggest that mathematics will not be central in doing them, although it may well 
be crucial for getting them. Nevertheless, the advertisements were ‘successful' 
according to the advertising company's criteria, that is, there was good ‘saturation', 
a lot of people remembered having seen them. But what, I wonder, was the effect 
of the campaign on the morale of those students whom school mathematics has 
not served well? And what was the effect on young women and men of the 
portrayal in the advertisement of girls in a foetal curl squashed into boxes looking 
sad and oppressed ‘‘don't pigeonhole your daughter')? Had these images of young 
women appeared in a men's magazine, we would have been scandalized. 

To those teminists who were critical of these campaigns, the only winners in 
this campaign were the employers, for they would now have more choices. Several 
colleagues tried to have the ‘voice over' changed before the adwrtisement was 
broadcast to remove the reference to ‘400 per cent' on the grounds that it was 
distorting and misleading. They were told that the advertisement wcnild lack 
‘punch' without the numbers, since ‘people find figures very persuasive'. Thus, the 
campaign itself provided an example of the use of mathematics to distort, 
intimidate, and mystify Mathematics was used on girls, not for them. This is 
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precisely the sort of media claim that we would hope a quality mathematics 
education could enable students to critique. A productive use of this advertisement 
would be to encourage students to* deconstruct it. Students should be able to 
interrogate the claims, asking what the 400 per cent actually refers to and how it 
was determined, thus evaluating the sexist and classist assumptions upon which the 
advertisement was based. This task would certainly not be beyond the capabilities 
of most 1 S-year-olds and has enormous emancipatory potential. Of course, the 
inevitable questions which would follow are: What is it about mathematics that 
encourages people to suspend their common sense and hence allow such material 
to go unchallenged and whose interests arc served when such programmes ‘go to 
air? The difficulty in adopting such approaches is in, finding the balance between 
being too disruptive and not being disruptive enough. In the former case, students 
may feel so uncomfortable that thev resist completely and arc unable to engage. 
In the latter case, they may comfortably accommodate new ideas within their 
existing frameworks and thus find no need to change their thinking. 



Conclusion 

The task of mathematics educ.uion should, explicitly and unapologetically, be the 
provision of a rewarding, just, .ind emancipatory educational experience for girls. 
And the justification for doing so is precisely that it is rewarding, just, and 
emancipatory However, this should not come about by providing alternative 
curricula for girls. Everyone’s attitudes and beliefs about what constitutes 
mathematics, what counts as valued knowledge in mathematics, and what it means 
to be good at mathematics must change. Consequently, students of both sexes will 
need to experience mathematics differently than they do currently. 

Mathematics curricula should aim to enhance female life options by making 
choices more fully and equally available. Girls and young women need to understand 
how their attributions and choices about mathematics, as about all else, are socially 
constructed and constrained. A gender-expansive and more critical mathematics 
curriculum would address the ways in which mathematics is used to intimidate and 
mystify, thus confronting the issue of gender formation in school explicitly. This, in 
turn, would enable both girls and boys to understand how they are positioned 
differently with respect to mathematics, to identify the processes by which gendered 
patterns of achievement and participation in mathematics are produced and 
naturalized, and to recognize the effect of these processes on their futures. Over a 
decade ago, Jean Blackburn, a former Australian Educator of the Year who first used 
the term ‘sexually inclusive curriculum’ in the early 1980s, suggested that one role of 
education is to help young people ‘to understand and reflect on what is, on how it 
came to be that way and on what they want to do about it, both at the level of their 
own lives and in relation to social action’ (Blackburn, 1982, p. 10). The purpose of 
studying gender relations within a socially critical framework is not to point and 
move girls (or boys) in certain directions, but rather to widen the range of positions 
available to them both now and in the future. 
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Note 

I These points were developed in collaboration with Jane Kemvay, Deakin University, 
Australia and the Girls Unit of the Education Department of South Australia. 
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Chapter 23 



We Don’t Even Want to Play: 
Classroom Strategies and Curriculum 
which Benefit Girls 



Joanna Higgins 



Introduction 

Mathematics games, puzzles, and constructions arc commonly used along with 
other independent activities in the classroom to familiarize students with particular 
mathematical concepts. The number of players, the amount of time spent 
participating, and the range of skills and concepts explored will vary in any one 
activity. In this chapter, I will discuss the ways in which boys and girls interact 
during these independent activities. I will highlight the factors which contribute 
to a differential experience between girls and boys, in which the former arc 
disadvantaged as mathematics learners. I will suggest that the manner in which 
males respond to the teacher's chosen curriculum shapes the learning experience. 
My analysis of interactions between children playing mathematics games will show 
how girls are disadvantaged in this context. Finally, I will propose classroom 
strategies and curriculum which are more likely to benefit girls. 



Gendered Achievement and Order in the Classroom 

Clark (1990, p. 2) has pointed out that ‘the primary [school] years are crucial in 
the construction of gendered achievement and aspirations and that the neglect of 
these years in most gender equity programmes is a serious problem which must be 
redressed'. When trying to identify micro-processes operating within the class- 
room that offer potential changes to benefit girls, it is important to make the 
gender dynamics of the classrocmi visible for teachers and educators. Alton-Lee 
and Densem (1992), for example, have drawn attention to phenomena that are 
often hidden from both teachers and classroom observers. They suggest that the 
existence of subtle gender and racial bias in the classroom requires the debate about 
gender-inclusive curriculum to move beyond issues of access and participation. 
More specifically, it needs to contend with the hidden processes of classroom 
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structures, as well as examine the differences between the intended, the 
implemented, and the perceived curricula. 

Power structures of the classroom influence student behaviour as well as shape 
the learning environment in ways which benefit boys more than girls. The 
teacher’s predominant concern is with maintaining order to facilitate complex, 
autonomous, learning activities. Fennema and Peterson (1985) identify inter- 
actions with the teacher as key factors in the development of autonomous learning 
behaviours necessary for high-level cognitive tasks such as those in mathematics. 
They note that the teacher is less likely to direct girls back to a task because their 
behaviour is often seen as less disruptive than that of boys. Furthermore, males 
receive more disciplinary contacts, and more praise, when on-task. This suggests 
that boys’ learning is facilitated by the teacher’s concern with maintenance of 
order. Such structures in the classroom give boys an advantage in the learning 
situation. An important factor which requires consideration is the manner in 
which girls perceive the teacher’s actions. The fact that the teacher's attention is 
directed away from the girls’ quiet learning to boys’ off-task behaviour simply 
reinforces the male advantage. Girls, as a result, arrive at the belief that their 
learning is less important. 



Freedom of Choice 

The provision of choice has often been championed by teachers as a means of 
meeting the individual needs of learners. In practice, choice refers to the provision 
of a range of options which relate to a set of learning goals and from which 
children are expected to select. However, the way the teacher structures the 
learning environment constrains this freedom ot choice. Similarly, learning 
outcomes arc influenced not only by teacher assumptions about intended learning, 
but also by gender dynamics which are often not taken into account. Many 
commentators have argued for a reconsideration ot the child-centred model on 
which such classroom practices are based. Clark (1990, p. 26) points out that 
'child-ccntrcd practices can allow teachers to avoid facing this responsibility' [for 
providing equitable learning opportunities] by allowing teachers to believe that 
children can "freely” choose and that we can be neutral'. The provision of freedom 
of choice needs to be re-examined, not only for the reasons I have already stated, 
but also because bc^ys' choices are commonly treated as being of more value. This 
results in boys ‘owning' certain types of activity. 



Having Access 

Bc')ys' ownership of certain activities is illustrated in the following transcript of a 
classroom segment in which girls are simply given access to the blocks.' Gender 
dynamics are evicient during the construction of a three-dimensional model of a 
building. The boys’ possession of this activity proves to be too much for the girls 
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in the end, and the learning opportunity intended by the teacher is sabotaged. 
Rather than persevering in their own model building goals, the girls learn to 
succumb to the boys’ demands. 

Two groups are working at the same activity — the blocks. One is a group 
of boys, the other a group of girls. The boys need more blocks to make 
their model bigger. While searching around for these, they look across to 
the girls’ model. 

Michael: We need a block like you’ve got. 

He jumps across to the model and takes one. The girls try unsuccessfully 
to stop him and this leaves a gap in their model. 

Shaun: We might build a huge place and we might use up all the 
blocks. 

Martha: No, Shaun. 

Shaun threatens to grab some more of the girls’ blocks. 

Martha: No Shaun, we might bash. 

An observer asks Philip to tell her about the model that the boys have 
made. 

Philip: It’s a big castle just for people and people can go up there, 
[pointing], and down there, over there on the top to look out 
for some gold. 

She comments that she heard him asking the girls if they would like to 
join. 

Philip: We were going to join them, but they didn’t let us. 

He points to another part of the model. 

Philip: And cars who have broken down would get fixed here. 

She asks him why they wanted to join up with the girls. 

Philip: We wanted to join up so it could be really really big. 

Terry comes over so she asks him to tell her about the model. 

Terry: I made a big building so you could jump across the sea. 

The observer moves across to the girls’ model and talks wdth Martha. 

Martha: It’s a school. These are the seats [pointing]. That’s the 
playhouse. That says ’school today’. 

Philip comes over to the girls’ model. 

Martha: Would you leave it, Philip. 

The girls’ model is fast disappearing. The observer asks all the girls why 
they didn’t want to join up with the boys. 

Martha: Just didn’t want to. 

Nadine: They always say if you try and bust up ours we’ll bust up 
yours. 

Michael comes over to get some more blocks. The girls finally give into 
his demands. 

Nadine: You can have these blocks if you want ’cos wc don’t even 
want to play with them. 

It is evident that gender dynamics intervene not only in the structure of this 
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learning opportunity, but also in the intended learning outcomes. The boys 
actively engage in model building and achieve their goal of making ‘the biggest’. 
The girls, on the other hand, learn only to give up their own goal in the face of 
boys’ aggressive demands. This example suggests that the notion of freedom of 
choice as a means of achieving equity in learning is an illusion. Gender dynamics 
will conmionly intervene in such experiences, and teachers must adjust for this by 
devising techniques that flicilitate girls’ learning. 



Being the Teacher 

Walden and Wdkerdine (1986) have argued that issues of dominance and 
subordination can be seen in the social relations of the classroom. For example, 
Bird (1992) found that girls seem to be much more willing than boys to assume 
the role of teacher. In my own observations, there was an obvious difference in the 
nature of the leadership roles taken up by girls and boys. 

Four children arc participating in a board game as part of their 
independent mathematics activities. It is designed to help children learn 
how to order in numerical sequence, as well as understand the ‘one more 
than' relationship. 

Anne: Whose turn? 

Mary: Martha’s. 

Tim: Mine. 

Anne: Tim. 

Martha: You had lots of turns. 

Tim takes his turn. 

Anne: Go Martha. One more to go to win. 

Martha has her turn. 

Tim: V ve got tw'o more to go. 

Anne: Your turn. 

Mary plays. 

Martha: My turn. 

Mary: Yes. Four. 

Anne: Martha, don’t cheat. It was Tim. Martha your turn. Right 
now Tim. 

Martha: Right your turn. 

Tim: Supposed to be my turn. 

Tim knocks his card off the board. 

Anne: Don’t Tim. Hey cheat, [to Mary] 

Martha: Your turn, Timmy. 

Tim: My turn. 

Anne mixes up the cards. 

Anne: Now you can’t get two fish to go there. Tim, your turn. 

Tim has his turn. 
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In this game Anne took on the role of the teacher. She took control of the 
game by directing the turns and by encouraging players not to abandon hope when 
they seemed to be losing. She also monitored the game for cheating, and when 
the only boy in the game misbehaved, she reprimanded him. Clark (1990) has 
suggested that boys and girls have available to them different ways of being 
powerful. Boys have access to direct forms of power such as sexual harassment or 
direct challenges to the authority of the teacher. Girls are more likely to gain power 
through indirect means, for instance, by being a quiet cooperative model pupil, or 
by taking on the role of teacher. 

Commentators such as Clarricoates (1987) have suggested that girls avoid risks 
in their learning by adopting feminine roles. In this context, assuming the role of 
the teacher should be interpreted as the child conforming to the relatively 
submissive expectation of ‘helpful pupil’. Encouraging girls to behave in this 
fashion merely sustains them in the traditional feminine position of subordination. 
However, arguing that ‘things arc not always what they seem\ Bird (1992) has 
suggested that the girl who plays ‘teacher’ is instead taking up a powerful position 
by claiming the authority of the teacher. Similarly, Walden and Walkerdinc (1986, 
p. 125) suggest that ‘by being positioned like the teacher and sharing her authority; 
girls are enabled to be both feminine and clever; it gives them considerable kudos 
and helps their attainment’. As teachers, we need to critically examine the social 
content of the roles we provide for girls in a mathematics learning activity. We 
need to ensure that girls are adopting roles which will enhance their learning of 
mathematics The creation of all-girls groups will not necessarily achieve this on 
its own. 



Girls and Competirion 

Children’s own gendered expectations about game -playing behaviours have a 
substantial impact on participation patterns. In particular, it is difficult for some 
girls to respond to competitive situations in the classroom. The t\vo transcripts 
which follow demonstrate the contrast in gender- related reactions to a competitive 
environment. The activity is an adaptation of the board and card game ‘Memory’ 
which has been designed to help children develop a concept of numerical order. 
5-year-old children, in groups of four, attempt to be the first to cover aU the 
marked spaces on their board with a card. A space can be covered if a child turns 
over a card from those spread out face down which shows a set containing one 
more element than the set shown on the corresponding space of their board. 
While they engage in this undertaking, the teacher is involved in an instructional 
activity with another group. 

Philip, Terry, Shaun and Michael are sitting playing a board and card 
game. Philip takes his turn. 

Philip: You’ve got four points. I’ve got four points too. Both got four 
points. 
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Terry has his turn, but conceals his card instead of showing it to the others 
as is normally done in ‘Memory’. One aspect of the game is remembering 
where particular cards arc positioned among all the cards when they arc 
placed face down. None of the other players object to his cheating. 

Philip: Oh, you got five points too. 

Terry: Have you seen any of mine? 

Terry tells an observer that you have to sneak a look at the cards. 

Terry: Do you have six points? 

Philip counts. 

Philip: Yeah, I got six points. 

Terry: Who’s won? 

Philip: I got six. Let's play again. Now people, help me turn them 
over. 

The boys then start the next round of their game. 

The above scenario documents the manner in which the competitive aspect 
of this game with its goal-orientation is compatible with the boys' learning style. 
They appear to be motivated by the collecting of points and the chance to win the 
game, as shown by their enthusiastic and immediate playing of the next round. For 
these reasons, teachers often use competitive activities to minimize the potential 
for boys’ disruptive behaviour. 

We see a marked contrast to this in the responses of a group of girls playing 
the same game. 

Anne: Martha, your turn. 

Martha: You had one in your hand. 

Anne: Don’t let Mary see, Martha. 

Martha: I won, I won, I won. 

Anne: You lose, Mary. Three more turns. I won after Martha. 

Martha: I won first. 

At this point Mary starts crying. 

Mary: You’re cheating. 

Martha gets up at once to comfort Mary by putting her arm around her. 
Martha: I didn't say anything. 

Tam: It’s only a game. 

Mary is still crying loudly. At this point the teacher conies over. 

Mrs S: Oh Mary. 

Mary tells her that the others cheated. 

Mrs S: I think you and Anne should play somewhere else as you were 
nearly in tears the other day as well. 

The girls are concerned both with monitoring the procedures of the game, and 
with supporting all members of the group. When one participant becomes upset, 
the others comfort her and are diverted from continuing with the game. 
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Participation Patterns 

When we compare the respective responses of each gender group to this game, we 
see that there are diflbrences in attitudes, interactions, and participation patterns, 
and that these all influence learning outcomes. The words chosen by each group 
serve as a window to the attitudes involved in the playing of the mathematics game. 
The boys appear to have a much more competitive attitude, indicating their 
concern with winning as the primary goal of their interaction. Most of their 
conversation revolves around how many ‘points’ each has accumulated. The girls, 
by contrast, talk of ‘turns’. This indicates their preoccupation with the procedures 
and process of the game, rather than with the goal of winning. Thus, while the 
boys learn to win, the girls learn to play the game. It is interesting to note that in 
all of the activities described here, learning the mathematical concepts involved is 
almost incidental. 

An additional aspect of gender differences in game-playing can be witnessed 
in the way each group responds to cheating. In the female group, Anne in her 
‘teacher role’ instructs Martha not to let Mary see the cards. This is followed by 
Mary’s accusation that Martha is cheating when Martha claims she has won. In 
contrast, Terry’s query about others having seen his cards, as well as his assertion 
that it is necessary to sneak a look at the cards of other players, indicate that the 
boys harbour the belief that cheating in order to win is a necessary part of playing 
games such as ‘Memory’. 

The overall participati )n patterns of the two groups can also be seen to differ. 
The interactions among th« boys appear to be less structured in terms of rules and 
turn-taking than that among tne girls. Consequently, the boys are able to achieve 
the goal of rapidly placing cards in order to show the one-more-than relationship. 
The girls, however, seem to lose sight of this goal altogether. In their group, the 
structuring of the game procedures is provided through someone adopting the 
‘teacher role’, while in the boys’ group this does not occur. The boys appear to 
engage in self-monitoring of their progress as they work towards the goal of 
earning six points. On the other hand, the girls seem to be more concerned with 
monitoring each other’s behaviour and conformity to game procedures. As a 
result, learning outcomes for the 'dds are primarily social rather than mathematical 
in nature. In sum, since gender differences in learning styles influence learning 
outcomes, girls may fail to engage with the intended mathematical concepts in 
competitive game situations. 



Conclusions 



It is imperative for teachers to realize that gender expectations and gender 
dynamics may intervene in the intended learning experience. In this way, girls’ 
learning can be severely disadvantaged. As has been illustrated in the preceding 
discussion, the importance conveyed upon the maintenance of order in the 
classroom has several unintended results. One is that boys’ learning styles and 
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dominance are reinforced through the provision of competitive activities designed 
to minimize their disruptive behaviour. Another is that because they are not as 
disruptive in the classroom, females receive less teacher attention and constructive 
concern than their male counterparts. On a related note, females are furnished 
with less encouragement to stay with the learning task. Taken together, the impact 
on female learning is very serious. 

All of this suggests that if girls are to benefit from independent mathematics 
tasks, more cooperative, as opposed to competitive, activities need to be offered. 
While only a first step, such an approach would better match girls’ observed 
learning stydes. A more carefully selected range of choices should function to help 
girls find activities in which they can achieve success. Furthermore, the provision 
of a sufficient quantity' of equipment would reduce the possibility of girls being 
'squeezed out' by boys. In this way, boys 'ownership' of particular activities could 
be diminished. 

It may be necessary for teachers to reconsider the assumptions on which the 
provision of teacher-independent exercises are based. As the preceding examples 
show, gender dynamics will often intervene in activities which are grounded in the 
child-centred principle of choice. Neither access, nor opportunity, will be equal 
unless teachers restructure the learning situation to support the needs of both girls 
and boys. Girls need to be encouraged not only to persevere in problem-solving, 
but also to engage in risk-taking behaviour. 

In order to support all learners, teachers need to monitor the group 
interactions w'hich take place during independent mathematics activities and to 
manage gender dynamics. An important means of such support is the teaching of 
social skills that are crucial for learning and necessary for engaging in cooperative 
activity. The skills for working in groups, for listening to others, for generating 
ideas collaboratively, and for participating in reflectiw discussion cannot be 
assumed inherent in young children. Furthermore, these skills are critical in the 
fostering ot mathematical development. Designing a learning environment in 
which all students engage fully with particular mathematical concepts requires at 
least as much attention to gender dynamics as to mathematics itself. This is 
particularly true when independent activities are used t(sr pedagogical purposes. 



Note 

Observations cited in this chapter are drawn froni research for my masters thesis 
(Higgins, lyqi). Data was gathered over a thirty-week period during 1989 using 
standard ethnographic practices. 
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Chapter 24 



Moving Towards a Feminist 
Epistemology of Mathematics^ 



Leone Burton 



Introduction 



Received science has been criticized on three grounds from a gender perspective. 
The first is its rcductionisni and its claim to be objective and value-free (for 
example, Harding, 1986, 1991; Keller, 1985; Rose and Rose, 1980). Second, the 
conventional style of learning and teaching in science, its pedagogy, has been 
challenged. It is suggested that enquiry methods used by scientists are often 
intrusive and mechanistic, separating observer and observed, and reinforcing 
competition. Further, these methods are presented not only as ’correct’ but also 
as the only way possible (for example, Kelly, 1987; Whyte ct ai, 1985). Third, 
having rejected objectivity as an untenable criterion for judging science, a new 
scientific epistemology^ was required and has been derived (see Rosser, 1990) by 
examining the connections between the discipline and those who use it, and the 
society w thin which it develops. This line of reasoning is consistent with a broad 
range of thinking in the sociology of science. 

The old certainties about science, the old belief in its cultural uniqueness 

and the old landmarks of sociological interpretation have all gone. 

(Preface by Michael Mulkay to Brannigan, 1 981, p. vii) 

Mathematics and mathematics education have been subject to a similar 
challenge from within on philosophical, pedagogic and epistemological grounds. 
The philosophical arguments for a rejection of absolutism in mathematics have 
been explored elsewhere (see Ernest, 1991). Lakatos (1976, 1983), Bloor (1976, 
1991) and Davis and Hersh (1983) have all made similar philosophical and 
epistemological criticisms to those outlined in the science literature with respect 
to the so-called objectivity’ of mathematics. 

Likewise, a critique similar to that found in science has been made of 
mathematical pedagogy (see, for example. Burton, 1986, 1990a; Fennema and 
Leder, 1990; Leder and Sampson, 1989). Despite 'many reports calling for 
curriculum reform in mathematics and science . . . the reforms suggested do not 
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take feminist concerns into account; in fact, in the ease of mathematics they tend 
to put added emphasis on curricular areas in which young women regularly 
perform less well than their male counterparts (Damarin, 1991, p. 108). 
Mathematics tends to be taught with a heavy reliance upon written texts which 
removes its conjectural nature, presenting it as inert information which should not 
be questioned. Predominant patterns of teaching focus on the individual learner 
and induce competition between learners. Language is pre-digested in the text, 
assuming that meaning is coimnunicated and is non-negotiable. In Robert Hull’s 
terms this defines ‘knowledge as an object and so equates knov/ing, and coming 
to know, with its possession; it effaces the crucial distinction between the learner’s 
subjective experience of moving towards knowledge and the objectifying of a 
knowledge finally achieved’ (Hull, 1985, pp. 49-50). 

Like science, therefore, mathematics is perceived by many students and some 
teachers as ‘a body of established knowledge accessible only to a few extraordinary 
individuals’ (Rosser, 1990, p. 89). Indeed, the supposed ‘objectivity’ of the 
discipline, a cause for questioning and concern by some of those within it, is often 
perceived by non-mathematician curriculum theorists as inevitable (see, for 
example. Hirst, 1965, 1974, and, for a critique expanding the points being made 
here, Kelly, 1986). But ‘the processes of knowing (and so also of science) in no way 
resemble an impersonal achievement of detached objectivity. They are rooted 
throughout ... in personal acts of tacit integration. They are not grounded on 
explicit operations of logic. Scientific inquiry is accorditigly a dynamic exercise of 
the imagination and is rooted in commitments and beliefs about the nature of 
things' (^Polanyi and Prosch. 1975, p. 63). Adopting an objectivist stance within 
iiiathematical philosophy means accepting that mathematical truths exist and the 
purpose* of eeiucation is to convey them into the he*ads of the le'arne'rs. This leads 
to conflicts both in the understanding of what constitutes knowing, and of how 
that knowing is to be achieved thmugh didactic situations. For example, such 
conflicts can be found between the UK mathematics national curriculum, 
expressed in terms of a hierarchy of mathematical truth statements, and the support 
documentation given to teachers which includes such relativistic statements as: 

Each person’s ‘map’ of the network and of the pathways connecting 
different mathematical ideas is different, thus people understand mathe- 
matics in different ways. (Non- Statutory Guidance to the Mathematics 
National Curriculum, par. 2.1, p. Cl) 

The teacher’s job is to organise and provide the orts of experiences 
which enable pupils to construct and develop their own understanding ot 
mathematics, rather than simply communicate the ways in which they 
themselves understand the subject. (Ibid., par. 2.2, p. C:2) 

Although ‘the ideal of pure objectivity in knowing and in science has been 
shown to be a myth’ (Polanyi and Prosch, 1975, p. 63), it is a philosophical myth 
which continues to exercise enormous power over mathematics both in curricular 
and in methodological terms. 
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Proposed as an alternative, social constructivism is a philosophical position 
w'hich emphasizes the interaction between individuals, society and knowledge out 
of which mathematical meaning is created. It has profound implications for 
pedagogy. Classroom behaviours, forms of org-anization. and roles, rights and 
responsibilities have to be re-thought in a classroom which places the learner, 
rather than the knowledge, at the centre. Epistemology; too, requires reconsidera- 
tion from a theoretical position of know^ledge as given, as absolute, to a theory of 
knowledge, or perhaps better, of knowing, as subjectively contextualized and 
within which meaning is negotiated. 

With respect to science. Sue Rosser (1990) has stated: 

It science is socially constructed, then attracting a more heterogeneous 
group of scientists would result in dificrent questions being asked, 
approaches and experimental subjects used, and theories and conclusions 
drawn from the data. (Rosser, 1990, p. 33) 

How might including many of those currently outside the mainstream of 
mathematical development influence its conjectures, its methods of enquiry and 
the interpretation of its results? In turn, how' might any changes which resulted 
from a philosophical shift, affect the pedagogy' and epistemology' of the discipline? 
In particular, what are the epistemological questions which are sharpened by 
bringing a feminist critique to bear on the discipline of mathematics? These are 
the focus of this chapter. 

Adopting a Cultural View of Mathematics 

In writing about mathematics, Sandra Harding (1986) drew attention to its cultural 
dependency: 

Physics and chemistry, mathematics and logic, bear the fingerprints of 
their distinctive cultural creators no less than do anthropology and history. 

A maximally objective science, natural or social, will be one that includes 
a self-conscious and critical examination of the relationship between the 
social experience of its creators and kinds of cognitive structures favoured 
in this inquiry . . . whatever the moral and political values and interests 
responsible for ^(‘lecting problems, theories, methods, and interpretations 
of research, they reappear at the other end of the inquiry as the moral and 
political universe that science projects as natural and thereby helps to 
legitimate. (Harding. 1986, pp. 250-1) 

Despite the stance taken by many mathematicians on the objectivity and 
value-free nature of the discipline. David Bloor tH)nvi!u ingly argued from a 
historical perspective that it is possible to conceive of alternative mathematics 
differently derived at different periods: 

Seeing how people decide what is inside or outside mathematics is part 
of the problem confronting the sociology' of knowledge, and the 
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alternative ways of doing this constitute alternative conceptions ot 
niatheniatics. The boundary (between mathematics and meta- 
mathematics) cannot just be taken for granted in the way that the critics 
do. One of the reasons why there appears to be no alternative to our 
mathematics is because we routinely disallow it. We push the possibility 
aside, rendering it invisible or defining it as error or as non-mathematics. 
(Bloor, 1991, pp. 179—80) 

More recently, Sandra Harding has pushed the argument further to locate 
mathematics firmly within its interpretative context despite its overtly comparable 
formalistic expression: 

There can appear to be no social values in results of research that are 
expressed in formal symbols; however, formalization does not guarantee 
the absence of social values. For one thing, historians have argued that the 
history of mathematics and logic is not merely an external history about 
who discovered what when. They claim that the general social interests 
and preoccupations of a culture can appear in the form': of quantitieation 
and logic that its mathematics uses. Distinguished mathematicians have 
concluded that the ultimate test of the adequacy of mathematics is a 
pragmatic one: does it work to do what it was intended to do? Moreover, 
formal statements require interpretation in order to be meaningful . . . 
Without decisions about their referents and meanings, they cannot be 
used to make predictions, for example, or to stimulate future research. 
(Harding. 1991, p. 84) 

In his discussion of mathematical epistemology, George Joseph (in Nelson ct 
(i/., 1993) drew attention to two major philosophical presuppositions which 
underlie western (European) mathematics. These are, first, that malheinaties is a 
body of absolute truths which are, second, argued (or proved ) within a formal, 
deductive system. However, he pointed out that dependence upon an a.xiomat- 
ieally deduced system of proof was a late nineteenth-century development which 
was pre-datedby ‘proofs' closer in style to that of non-European mathematicians: 

The Indian (or, for that matter, the Chinese) epistemological position on 
the nature of mathematics is very different. The aim is not to build up an 
imposing edifice on a few self-evident axioms but to validate a result by 
any method, including visual demonstration. (Nelson vt a/., 1993, p. 9) 

George Joseph further stated that: 

None of the major schools of Western thought . . . gives a satisfactory 
account of what indeed is the nature of objects (such as numbers) and how 
they are rel.ited to (other) objects in everyday life. It is an arguable point 
. . . that the Indian view of such objects . . . may lead to some interesting 
insights on the nature of mathematical knowledge and its validation. 
Irrespective of whether this point can be substantiated or not, a more 
balanced discussion of different epistemological approaches to inathe- 
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matics would be invaluable. However, a difFcrcnt insight into some of the 

foundational aspects of the subject is hindered by the prevalence of the 

Eurocentric view on the historical development of mathematics, (Ibid., 

pp. 11-12) 

George Joseph is criticizing the domiiiance of a Eurocentric (and male) 
mathematical hegemony which has created a judgmental situation within the 
discipline whereby, for example, deciding what constitutes powerful mathematics, 
or when a proof proves and what form a rigorous argument takes, is dictated and 
reinforced by those in influential positions. How often do we hear statements, 
often made about a geometric proof, dismissing it as ‘merely a demonstratioif or 
the suggestion that computer-assisted proofs arc not quite as ‘good' as those 
developed without a computer? How frequently arc students encouraged to 
believe that the inathematico-scieiitific and technological development of the 
West has been made independently of a systematic knowledge and resource 
exploitation of the rest of the world? The colonization of mathematics has been 
so successful that the history of their own mathematical culture and its 
contribution to knowledge is <^ften unknown to students in Africa, Asia and Latin 
America. Such bias is increasingly under attack (see, for example, Joseph, 1991; 
Needham, 1959; Nelson ct ai, 1993; van Sertima, 1986; Zaslavsky, 1973) as 
researchers uncover the richness and power of mathematical and scientific 
de'-'^opment in the non-European world which has been obscured by the 
rewriting of history from a European perspective. If the body of knowledge known 
as mathematics can be shown to have been derived in a manner which excluded 
non-Europeans and their mathematical knowledge, why not conjecture that the 
perceived male-ness of mathematics is equally an artefact of its production and its 
producers? 

Since I am arguing that mathematics is socio-cultural in nature, the conditions 
under which it is produced are factors in determining the products. ‘Important' 
mathematical areas are identified, value is accorded to some results rather than 
others, decisions are taken on what should or should not be published in a society 
determined by power relationships, one of which is gender. Mathematical 
products can then be seen as the outcome of the influence of a particular ‘reading' 
ot events at a given time/place. Such readings are referred to by Sal Restivo (1992) 
as ‘stories about commercial revolutions and mathematical activity, as in Japan, or 
about the “mathematics of survival" that is a universal feature of the ancient 
civilizations. And they can be stories about how conflict and social change shape 
and reflect mathematical developments' (p. 20). In a plenary lecture given at the 
1994 American Educational Research Association Conference, Jerome Bruner 
pointed out that exp) ination as causal is a post-nineteenth century phenomenon. 
A longer history can be found for interpretation the objective of whieh is 
understanding and not explanation. He made out a case for understanding being 
viewed as both contextualizing and systematizing and he advocated a route to 
contextualizing in a disciplined way through narrative. From this perspective, 
codified mathemafics can be viewed as reified narrative and it no longer seems so 
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absurd to ask how different narratives, or stories, might constitute alternative 
mathematics (in the plural). Mathematics as a particular form of story about the 
world to me, very different from mathematics as a powerful explanation or 
tool. Re-teUing mathematics, both in terms of context and person-ness, would 
consequently demystify and therefore seem to offer opportunities for greater 
inclusivity. 



Knowing Science and Mathematics 

The feminist literature on the philosophy of science I find very valuable for the 
clarity with which it has sharpened the critical debate on the nature of knowledge 
in science and how that knowledge is derived. However, it is noticeable that the 
content criticisms ot science are rooted in the empirical disciplines. For example, 
female priniatologists such as Jane Goodall (1971), Dian Fossey (1983) and Sarah 
Hrdy (1986) challenged conceptions of interactive behaviour by refusing to accept 
the prevailing (male) views on dominance and hierarchy in sexual selection. Evelyn 
Fox Keller (1983) described Barbara McClintock’s approach to her study of maize 
as highlighting a symbiotic relationship between the plant and its environment 
which was distinctively different to the more usual 'objective investigation 
undertaken by botanists. Rachel Carson (1962) is frequently cited for her early 
work on ecology and the broad view that she took about the environmental effects 
of pesticides. In all these cases, the results of the science were different from what 
had, formerly, been e.xpected because different questions were asked about what 
W'as being observed and different methods were used to make the observations. 

How^'ver, criticisms of, for example, nuclear physics are more likely to focus 
upon the social effects of the science, rather than the science itself (see, for 
example, Easlea, 1983). This is not to diminish the importance of developing 
nu)dels of scientific use and abuse which criticize the purposes, products and 
implications of scientific developments. But as with mathematics, it is difficult to 
confront the abstractions which are the substance and tools c^t the discipline and 
the methods used in their derivation especially where these are analytic and non- 
observational in order to ask what differences a female perspective would make to 
them. 

In what w'ays might the questions, or the styles eff enquiry or the mathematical 
prc'idiicts differ if mathematics w’crc accepted as a socio-cultural construct? Part ot 
the difficulty in respemding to this question resides in the highly successtul 
socialization experiences through which we all go in order to achieve success at 
mathematics. It is exceedingly difficult to dismantle the beliefs which have been 
integral to our learning e.xperiences ot mathematics and almost impossible to 
construct in our imagitMtions alternatives to the processes w'hich we have been 
taught and with which we h.ive gained ‘success’. Hence, scratch a pedagogical or 
philosophical constructivist and underneath you arc likely to c.xpose an absolutist. 
In other W’ords, it might be acceptable to negotiate a curriculum or introduce a 
collaborative, language-rich environment within w'hich to make the learning of 
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mathematics more accessible, but the mathematics itself is considered non- 
negotiable. However, to be consistent in our critiques, we cannot avoid addressing 
the nature of knowing mathematics along with the philosophy and pedagogy of 
the discipline. 

Knowing mathematics, and science, has traditionally required entry into a 
community ofknowers who accord the status of ‘objective', ‘in some sense eternal 
and independent of the flux of history and culture’ (Restivo, 1992, p. 3), to the 
knowledge items as well as to the means by which these items are derived. 
However, 'objectivity is a variable; it is a function of the generality of social 
interests. Aesthetic and truth motives exist in the realm of ideas, but they are 
grounded in individual and social interests ranging from making one’s way in the 
world (literally, surviving) to exercising control over natural and cultural environ- 
ments’ (Ibid., p. 135). A consequence of this is that ‘a mathematical object . . . like 
a hanmicr or a screwdriver, is conceived, constructed, and put to use through a 
social process of collective representation and collective elaboration* (Ibid., p. 137), 
If we are to argue for a different conception of mathematical knowing from that 
traditionally accepted, we must address the meaning which is to be understood by 
'objectivity’ since the truth status accorded to mathematical objects underpins the 
pervading epistemology. Criticizing scientific 'objectivity' along similar lines, 
Sandra Harding (1991) has called for an epistemology of the sciences which 
requires a more robust standard for objectivity than that currently in use. This 
would include the critical examination, within scientific research (Ibid., author’s 
italics, p. 146), 

of historical values and interests that may be so shared within the scientific 
conmiunity, so invested in by the very constitution of this or that field of 
study, that they will not show up as a cultural bias between experimenters 
or between research communities. (Ibid., 1991, p. 147) 

And she further noted that: 

the difficulty of providing [such] an analysis in physics or chemistry [and, 

I would add, mathematics] does not signify that the question is an absurd 
one for knowledge-seeking in general, or that there are no reasonable 
answers for those sciences too. (Ibid., p. 157) 

Sue Rosser, in her book. Female- Friendly Science (1990), used women's 
experience of knowing and doing science to draw out differences from what she 
called the conventional androcentric approaches. Amongst many of the possible 
inclusionary methods she listed in Chapter 5 are: 

• expanding the kinds of observations beyond those traditionally carried 
out; 

• increasing the numbers of observations and remaining longer in the 
observational stage of the scientific method; 

• accepting the personal experience of women as a valid coiiiponent of 
experimental observation; 
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• being more likely to undertake l esearch which explores questions of social 
concern than those likely to have applications of direct benefit to the 
military; 

• working within research areas formerly considered unworthy of investiga- 
tion because of links to dex alued areas; 

• formulating hypotheses which focus on gender as an integral part; and 

• defining investigations holistically. 

This list, useful as it is for science, does not generalize easily to mathematics 
although the links to the history, philosophy and pedagogy’ of mathematics are 
more obvious. But help appears to be at hand. 



Being a Mathematician 

In The Empcror'< [<u] \cwMinT Roger Penrose (1990). arguing from the powerful 
position of a research mathematician at the top of his profession, claimed that the 
mathematician's ‘consciousness' is a necessary ingredient to the comprehension of 
the mathematics. He said: 

We must 'see' the truth of a mathematical argument to be convinced of 
its validirv'. This ’seeing' is the very essence of consciousness. It must be 
present irhcnnrr we directly perceive mathematical truth. When we 
convince ourselves of the validits’ of CkhIcI's theorem we not only 'see' 
it. but by so doing we reveal the very non-.ilgorithmic nature of the 
’seeing' process itself (Penrose. 1990. p. 541) 

Elsew here in his book, and in contradiction to the above. Roger Penrose 
supported a Platonic approach to mathematics in that he propounded a discovery, 
rather than an invented, perspective on the discipline. That is. mathematics is out 
there waiting to be uncovered rather than within the head (and possibly the heart?) 
of the mathematiciai:. And yet. Roger Penrose himself admitted that 'seeing' the 
validit\- of a mathematical argument must be a personal experience and one which, 
it seems reasonable to me to assert, can be assumed to differ between individuals. 
By arguing that ’seeing' is non -algorithmic. Roger Penrose permitted the 
personalization of the process. He reinforced thh with the statement: 

There seem to be many different ways in which different people think — 
and even in which different mathematicians think about their mathe- 
matics. (Ibid., p. 552) 

However, for me. fai’ from accepting that the outcomes of mathematical thinking 
arc discovered mathematical ’truths', the inevitable conclusion of his statement is 
that there are potentially many different mathematics. 

The contradiction would appear to lie in a different perspective on the 
mathematician than on mathematics itself Roger Penrose viewed a mathematical 
statement, once articulated, as being absolute, that is either right or wrong, and its 
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status verifiable by any interested party But he said, in the 

conveying of mathematics, one is not simply communicating facts. For a 
string of (contingent) facts to be communicated from one person to 
another, it is necessary that the facts be carefully enunciated by the first, 
and that the second should take them in individually . . . the factual 
content is small. Mathematical statements are necessary truths . . . and 
even if the first mathematician’s sutement represents merely a groping for 
such a necessary truth, it will be that truth itself which gets conveyed to 
the second mathematician . . . The second's mental images may differ in 
detail from those of the first, and their verbal description may differ, but 
the relevant mathematical idea will have passed between them. (Ibid., 
p. 553) 

Despite the assumed personal nature of the communication and the expectation 
of differences in human images and descriptions, there is an assumption that the 
‘mathematics', the essential ‘truth’ of the statement, can and will be the same for 
all. This is repeatedly refuted by the message of many of the anecdotes which are 
recounted by, and about, mathematicians. For example, how is it possible to 
interpret the kind of intuitive insights which Roger Penrose himself and other 
mathematicians such as Poincare, Hadamard, Thom, claim to have had and which 
have led to their finding particular, personal resolutions of a mathematical 
problem. Given that it is reasonable to expect that any one problem might be 
amenable to a number of different routes for solution, an individual is likely to fall 
on the one which matches his or her experience, approach, preferences, possibly 
making the mathematical outcome different from that which would be offered by 
another individual. Of course, once articulated, the internal consistency of the 
mathematical argument is verifiable. The most recent attempt to prove Fermat's 
Last Theorem provided an example of the unverifiability, by most mathematicians, 
of the claims being made and, consequently, both the potential non-uniqueness 
and fragility of their status. And, even if the internal consistency is substantiated, 
this does not additionally encompass any objective status nor any implication of 
uniqueness, it seems to me. The social context within which the mathematics is 
placed does, however, offer one explanation for apparent uniqueness, or at least 
convergence of 'solutions’, given that it describes and constrains the ‘possible’. 
Thus, a piece of mathematics is both contributory to, and defined by, the context 
within which it is derived. 

A belief in the world of mathematical concepts existing independently of 
those who develop or work with them is attached to embracing the 'objective’ 
truths of mathematics. An image of ‘variable’ truth, that is degrees of correctness, 
or solutions responsive to different conditions, is unacceptable to many within the 
discipline despite the support from the history of mathematics that understandings 
change over time as the foci and the current state of knowledge change. The social 
context of a mathematical statement, the impact upon it of the interests, drives and 
needs of the person deriving and then communicating it, are dismissed by many 
mathematicians as inappropriate to the product. Thus, the distinction is made 
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between the person who is working at the mathematics, and the mathematics 
itself. But I believe that Roger Penrose failed to sustain this distinction particularly 
in his discussion of intuition, insight and the aesthetic qualities of mathematical 
thinking. He underlined person-ness by reiterating an argument, (see, for example, 
Thom, 1973, pp. 202-6) that: 

the importance of aesthetic criteria applies not only to the instantaneous 
judgements of inspiration, but also to the much more frequent judge- 
ments that we make all the time in mathematical (or scientific) work. 
Rigorous argument is usually the step! (Penrose, 1990, p. 545) 

In drawing a close analog\' between mathematical thought and intuition and 
inspiration in the arts, he added: 

The globality of inspirational thought is particularly remarkable in 
Mozart's quotation (from Hadamard, 1945) 'It docs not come to me 
successively . . . but in its entireU'* and also in Poincare's 'I did not verify 
the idea; 1 should not have had time’. (Ibid., p. 347) 

Any de-personalization of the mathematical process and reification of the product 
pushes mathematics back into the absolutist position by objectivizing the ‘truths'. 
However, accepting a mathematics which is not absolute, is culturally defined and 
influenced by individual and social diflerenccs is not only of great interest to those 
who have argued for an inclusive mathematics but challenges the discipline 
epistemologically as well as philosophically and pecLigogically. 

It does not seem untimely to suggest a theory of knowing that draws 
attention to the knower's responsibility for what the knower constructs. 

(von Glasersfeld, 1990, p. 28) 

Once we refocus from knowing that a particular mathematical outcome exists 
to knowing why that outcome is likely under particular circumstances, we are 
distinguishing between the ‘objccti\'c' knowledge of the outcome and the 
subjective' knowing which underlies how to achieve that outcome. This begins 
to be funiliar as the old debate between product and process. However, by 
attempting to construct a theory of knowing, I am moving past the false 
dichotomy of product/process which polarized the how and the what, towards a 
reconceptualization and integration of the how with the what. The value to 
pedagogues of such an approach is obvious. As teachers, we can recognize when 
a learner mimics a piece of mathematical behaviour rather than acquires it as his 
or her own. The articulation of an epistemological position on knowing 
mathematics which is predicated on mathematical enquiry, rather than receptivity', 
challenges teacher behaviour. Rather than demanding evidence of the acquisition 
of mathematical objects by students, it assumes that mathematical behaviours and 
the changes in behaviour that might signify learning are products of and 
responsive to, the ctunmunity within which the learning is situated. Recounting 
different narratives, speculating about their similarities and diflerenccs, querying 
their derivations and applications, denies ‘objectivity'' and reinstates the person and 
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the community in the mathematics. Such reconsideration of the characteristics of 
science and mathematics has underpinned much of the feminist work in the 
philosophy of science already referenced and is exemplified in the work of Suzanne 
Damarin. In an article (1991), she presented a table of generalized descriptors ‘not 
as a definitive description of feminist science, but rather as defining a tentative 
framework for examining whether and how the teaching of science might be made 
more consistent with feminist conceptions of science’ (Damarin, 1991, p, 112), 

As stated above, the philosophical challenge, while not necessarily acceptable 
to a large number of mathematicians, has been well formulated, (Reference has 
already been made to the work of Bloor, Davis and Hersh, Harding, Lakatos, and 
Restivo.) Gadamer (1975) added his argument that: 

all human understanding is contextual, perspcctival, prejudiced, that is 
hermeneutic [and] fundamentally challenges the conception of science as 
it has been articulated since the Enlightenment, (cited in Hekman, 1990, 
p, 107) 

as did Elizabeth Fee (1981) to: 

attack the objectivity that is part of the ‘mythology’ of science , , , [and] 

. , , re-admit the human subject into the production of scientific 
knowledge, (also cited in Hekman, 1990, p. 130) 

Much of the pedagogic challenge is focused on the dysfunctional mature of the 
continuum between an absolutist philosophy of mathematics and a transmissive 
pedagogy and the poverty of the product /process distinction: 

On the one hand, authors and publishers produce textbooks that do not 
have to be read before doing the exercises; on the other hand, teachers 
acquiesce by agreeing that this is the way mathematics ought to be taught 
. , , the real importance lies not in the students' ability to conceptualize, 
but rather in their ability to compute. Teachers tend to underscore this by 
their rapt attention to correctness, completeness, and procedure. Students 
comply with the grand scheme by establishing as their local goal the 
correct completion of a given assignment and as their global goal 
receiving their desired grade in the course. For most, once it's over, it's 
oven (Gopen and Smith, 1990, p. 5) 

Compare this with a student-centred problem-solving approach: 

An instructor should promote and encourage the development for each 
individual within his/her class of a repertoire of powerful mathematical 
constructions for posing, constructing, exploring, solving and justifying 
mathematical prc^blems and concepts and should seek to develop in 
students the capacity to reHect on and evaluate the quality of their 
constructions, (Confrey, 1990, p, 112) 

Researchers have argued that creative mathem.iticians are more likely to 
develop by enC(Hintering and learning mathematics in a classroom climate which 
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supports individuals within social groupings; that the negotiation of meaning both 
within the group and between the group and conventional social understandings 
needs to be encouraged (see for example Davis et al, 1990). These philosophical 
and pedagogical critiques, in my view, would be strengthened by the focus, 
structure and consistency which is gained from an epistemological stance, that is, 
a formulation of the nature of knowing mathematics. 



The Epistemological Challenge 

I believe that we can discern the outline of an epistemological challenge to 
mathematics which, potentially, incorporates approaches consistent with, and 
familiar to, broader constituencies than European, middle-class males. These 
approaches are inclusive, rather than exclusive, accessible rather than mystifying, 
encompassing of as wide a range of styles of understanding and doing mathematics 
as possible rather thaii reducible to those styles currently validated by the powerful. 

I am claiming that knowing, in mathematics, cannot be differentiated from the 
knower even though the knowns ultimately become public property and subject 
to public interrogation within the mathematical community. Knowing, however: 

involves encouraging rebellious spirits to blossom with free rein to the 
imagination, preserving a certain nimbleness of mind while affording it 
the means of being creative. The ‘training procedures, as we conceive 
them and ordinarily practise them, hardly lend themselves, one must 
admit, to that kind of enticement, since they more often emphasize the 
transmission of acquired knowledge and apprenticeship in proven meth- 
ods. And considering that those procedures resemble an obstacle course 
where the competition is tighter and tighter, this hardly encourages 
departing from the beaten path. (Plato, 1992. p. 75) 

I am speculating that five categories, drawn from the work already cited and 
consistent with the above critique, might distinguish the ways in which (creative) 
mathematicians come to know mathematics and that, in their choice of 
mathematical areas to pursue, more women (and men) might feel comfortable 
with an epistemology of mathematics described in this way. The assumption is that 
such an epistemology would displace dualisms such as the relativist/absolutist 
dichotomy and expectations of a value-free mathematics with an hermeneutic and 
pluralist approach. It would open the way towards an inclusive perspective on 
mathematics by challenging our understanding of what constitutes mathematics. 

I propose defining knowing in mathematics in relation to the following five 
categories derived from the reading reviewed above in the philosophical, 
pedagogical and feminist literature: 

• its person- and cultural /social -relatedness; 

• the aesthetics of mathematical thinking it invokes; 

• its nurturing of intuition and insight; 
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• its recognition and celebration of different approaches particularly in styles 
of thinking; and 

• the globality of its applications. 

Knowing mathematics would, under this definition, be a function of who is 
claiming to know, related to which, community, how that knowing is presented, 
what explanations are given for how that knowing was achieved, and the 
connections demonstrated between it and other knowings (applications). What 
evidence we have, usually sited in the learning and assessing of school mathematics, 
suggests that inviting students to define and describe their knowing in mathematic' 
in these ways does have gender implications (see, for example. Burton, 1990b; 
Forgasz, 1994; Stobart (7 n/.. 1992). 

The similarities with Sue Rosser's (1990) and Suzanne Damarin's (1991) lists 
of the differences between male- and female-friendly science are encouraging. For 
example, both refer to the expansion of the kinds of observations carried out, the 
recognition of, and concern for, personal responsibility and the consequences of 
actions. I have listed a valuing of intuition and insight and the recognition and 
celebration of different approaches. Globality, or in both Sue Rosser s and Suzanne 
Damarin's terms ‘holism', is a feature. A need to accept the personal experience 
of women as a valid component of experimental observations is acknowledged 
where I have pointed to person-relatedncss which is important to knowing 
mathematics. Susan Hekman's (1990) analysis of the relationship berween gender 
and post-modernism was also supportive of this approach both in drawing out the 
similarities in argument bet^vecn feminists and post-modernists as well as pointing 
out the pervading influence of absolutism in affecting these stances. In Hilary 
Rose's words; 

A feminist epistemology' . . . transcends dichotomies, insists on the 

scientific validity of the subjective, on the need to unite cognitive and 

affective domains; it emphasises holism, harmony, and complexity rather 

than reductionisiiK domination and linearity. (Rose, 1986, p. 72) 

The next step is to open a dialogue with practising mathematicians with a 
view to discussing the appropriateness of my description to their understanding of 
the nature ofknowing in mathematics. This would be done in a style which would 
be rich in ethnographic data, encouraging the expression of feelings, aesthetics, 
intuitions, and insights. It would also attempt to challenge the effects of 
socialization into the mathematical culture in order to untangle differences from 
cultural similarities. Outcomes which arc supportive of the suggested epistemo- 
logical framework especially where these emphasize impact on gender inclusivity 
would provide a strong argument in favour of a re-perception and re-presentation 
of mathematics. The resulting narrative would have an internal consistency which 
should please all mathematicians. 

Such anecdotal approaches as have already been made confirm the validity of 
the five categories in describing how mathematicians come to know. Arguments 
in favour of humanizing and demystiffing the mathematics curriculum in schools 
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have long been made with an implication that such attempts change perceptions 
of mathematics, and subsequent performance, by formerly underrepresented 
groups. However, these suggestions are rarely connected to epistemological 
frameworks of the discipline more frequently relating either to constructivist 
philosophy or empowering pedagogy. And Suzanne Damarin criticizes curricu- 
lum reformers for their 'reliance on the models of expertise and information 
processing, which are popular in current research on the cognitive bases of 
teaching and learning of science and mathematics [and] appears to be diametrically 
opposed to first-order implications of feminist pedagogical research’ (Damarin, 
1991, p. 108). 

If the nature of knowing mathematics were to be confirmed as matching the 
description given in this chapter, the s<ientism and technocentrism which 
dominate much thinking in and about mathematics, and constrain many 
mathematics classrooms, would no longer be sustainable. Mathematics could then 
be re- perceived as humane, responsive, negotiable and creative. One expected 
product of such a change w^ould be in the constituency of learners who were 
attracted to study mathematics but I would also expect changes in the perception 
of what is mathematics and of how mathematics is studied and learned. That such 
a possibility, in schools, is not outside the realms of possibility is suggested in Boaler 
(1993). We can also learn from experiences in other disciplines. English, for 
example, attracts predominantly female constituencies of learners at the under- 
graduate level, many of whom have been successful in developing academic 
careers. ‘English was constructed as a liberal humanist discipline which demanded 
personal and thoughtful response . . . The most important characteristic of English, 
in the view of students and staff, is its individualism: the possibility of holding 
different views from other people’ (Thomas, 1990, p. 173). 

Providing a new epistemological context would enable the questioning of 
what mathematics is taught, how it is learned and assessed within a consistent 
treatment. ‘By adopting an epistemological view of mathematical knowledge that 
stresses change, development, and its social foundations generally, and by 
consciously relating this to the curriculum process, the result would be to make 
the subject more open in its nature and more easily accessible’ (Nickson, 1992, 
p. 131). 

My aim in attempting this work is to question the nature of the discipline in 
such a way that the result of such questioning is to open mathematics to the 
experience and the influence of members of as many different communities as 
possible, thereby, I hope, not only enriching the individuals but also the discipline. 



Note 

1 riiis is .1 version of a paper first given at the lOWME stuJy group at IC‘ME-7 m 
Quebec, 1992. Its present content owes much to discussion with, and comments from, 
members (TIOWME. In addition, I would like to thank Mary Barnes, Leonie Haws, 
Stoplien Lerman and the anonymous reviewers of ESM for challenging and provoking 
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reworking of the ideas. This paper is reprinted by pennission of Kluwer Academic 
Publishers from Eduoitional Studies in Mnt/icnuuics, 28, 3, Special Issue on Gender, 
edited by Gilah Leder, to appear in Spring 1995. 



References 

Bloor, D. (1991) Knou'led^c and Social Imagry, 2nd ed., London, University of Chicago 
Press, 

Bt>Ai.r.R, J. (1993) ‘Encouraging the transfer of“schoor mathematics to the “real world" 
through the integration of process and content, context and culture'. Educational 
Studies in Mathematics, 25, 4, pp. 341-73. 

Bkannu;an, a. (1981) The Social Basis of Scientific Discoveries, Cambridge, Cambridge 
University' Press. 

Bruner, J. (P^H) ‘The Humanly and Interpa'tivcly Possible', Plenary address given to the 
AERA Annual Meeting, New Orleans. 

Burion, L. (Ed) (1986) Girls Into Maths Can Go, London, Holt Educational. 

Burton, L. (Ed) (1990a) Gender and Mathematics: An International Perspective, London, 
CasseU. 

Burton, L. (1990b) ‘Passing through the mathematical critical filter — implications for 
students, courses and institutions', JcnrMti/ of Access Studies, 5, 1 , Spring, pp. 5-17. 

Carson. R. (1962) Silent Spring New York, Fawcett Press. 

CoNFREY. J. (1990) ‘What constructivism implies for teaching', in Davis, R.B., Mahi.r, 
C.A. and Nodimnos, N. ‘Constructivist Views on the Teaching and Le,irning of 
Mathematics', Jounw/ for Research in Mathematics Education, Monograph No. 4, Reston, 
VA, NCTM, pp. 107-22. 

Damarin, S. (1991) ‘Rethinking science and mathematics curriculum and instruction: 
Feminist perspectives in the computer cm'. Journal of Education, 173, 1, pp. 107-23. 

D.wis. P. and Hersm, R. (1983) The Mathematical Experience, Harmondsworth, Penguin. 

Davis, R.B., Mahi.r, C.A. and Noi>i>inc;s, N. (Eds) (1990) 'Constructivist views on the 
teaching and learning of mathematics', Joiinw/ /nr Research in Mathematics Education, 
Monograph No. 4, Reston, VA, NCTM. 

Dei’ARIment or Enut AnoN and Sc;ii-.nct-: (1989) Mathematics in the Sational Curriculum, 
London, Her Majesty's Stationery Office. 

Easii A, B. (1983) Fathering the Unthinkable: Masculinity, Scientists and the Xuclear Arms Race, 
London, Pluto Press. 

Ernes 1 , P (1991) The Philosophy of Mathematics Education, Basingstoke, Falmer Press. 

Fh , E. (1981) 'A feminist critique of scientific objectivity'. Science for the People, 14, 30, 
p. 3. ■ 

Fi.nni MA. E. and Leper, CL (Eds) (1990) Mathematics and Gender, New' York, Teachers 
College Press. 

FiAio, M. (1992) llie Power of Mathematics, London, McGraw-Hill. 

FoR(,as/, H. (1994) SonVry and Gender Equity in Mathematics Education, Geelong, VA, 
Deakin University^ Press. 

Fossi Y, D. (198,5) Gorillas in the Mist, Boston, MA, Houghton Mifflin. 

(lAPAMi R, H.-CL (1975) 'Ihith and Method, New York, (a-mtinuuni. 

C»oopAi i,J. (1971) hi the Shadotr of Man, Boston, MA, Houghton Mifflin. 

(»opi N, Ci.D. and Smi i n, D.A. (1990) ‘What's an assignment like you doing in a course like 
this? Writing to learn mathematics', llie College Mathematics Journal, 21,1, pp. 2-19. 



Up. 



223 



Li'onc Burton 



Hapamaki), J, (1945) llic P>ychohiiy of Invention in tin Miithonniticiil Pivid, Princcion, NJ, 
University Press. 

Hari)IN(;, S. (1986) Ilw Sdnicc Question in Pefninism, Milton Keynes, Open UniversitN* 
Press. 

Hardi.\(;, S. (1991) liliose Srietur? lihose KnonM^^e?. Milton Keynes, Open University 
Press. 

Hi.kma.n. S. (1990) Gender (W(I Knoivled^i Hlewents of n Postmodern Feminism, Boston, 

MA, Northeastern University Press. 

Hirsi, PH. (1965) ’Liberal education and the nature of knowledge’, in Archamuaui i, 
R.D. (Ed) Philosophicid Annlysis ond ndneotion, London, Routledge and Kegan Paul. 

Hirm, PH. (1974) Knowledge ond the Cnrricnlnm, London. Routledge and Kegan Paul, 
pp. 1 13-38. 

Hrdy, S.B. (1986) ’Empathy, polyandry, and the myth ot the coy female’, in Bi i ii R, R. 
(Ed) Feminist Approaches to Science. Oxford, Pergamon Press, pp. 1 19-46. 

Him 1 , R. (1985) Ihe Ln{{fH(iije Cap, London, Methuen. 

JosiiMi, G.(j. (1991) 77ie Crest of the Peacock, London, Taurisaiul Co. 

Ki 1 1 i R, E.E (198.^) A Feeliitif for the Organism : 'Ilie Life and Whrk of Borluun McClintock, New 
York, W.H. Freem.m. ' 

KiiiiR, E.E (1985) Reflections on Gender and Science. Ne'w Haven, CT, Yale University 
Pre’ss. 

Kri 1 Y. A.V (1986) Knoivled^^e mid Cnrricnlnm Phnniii{if, London, Harper and Row. 

Ki 1 1 V. A. (Ed) (1987) Science for Girls?, Milton Kewnes, Open University Press, 

Lakaios. L (1976) Proofs mid Refntiitions. Cambridge, Cambridge University Press. 

Lakaios, L (1983) A /(!//»( 7/M nV.';. Science mui I :pistemoh\{iy, Cambridge, ("ambridge University 
Press. 

Li i)i R, (j. and Sami»v>n, S.N. (Eds) (1989) IIdncmin\r Girh. Sydney, Allen and Unwin. 

Nil PHAM, J. (1959) ,SriV//((’ mid Civili::mion in Cdiina, (Tunbridge, Cambridge University 
Press. 

Nil SON. D-.JosiiMi, C'l.C'i. .md WiiiiAMs. ). (1993) Mnlticnltnral Mothenititics. (Oxford, 
Oxford University Press. 

Ni( KsoN, M. (1992) ’Towards a multi-cultural mathematics curriculum', in NicK'^on, M. 
and Li.rma.n, S. (Eds) 77/c Social Context if Mathematics Fdneation: flieory and Practice, 
London. South Bank Press, pp. 128-33. 

Pi NRosi , R. (1990) 77ic Fmperor‘> Xen'Mind. London, Vintage. 

Poi ANYi, M. and Pros( ii, H. (1975) Memiii{'H. London, University of Chicago Press. 

Ri siivo, S. (1992) Mathematics in Society mid History. Dordrecht, Kluwer, 

Rosi , H. (1986) ’Beyond niasculinist realities: A feminist epistemolog\’ fc.r the sciences’, 
in Bi i ii R, R. (Ed) Feminist Approaches to Science, Oxford, Pergamon Press. 

R.OS 1 , H, and Ri>si, S. (1980) ‘The myth of the neutrality of science’, in Arimi ii, R., 
Bri nna.n, P and C'.ax rak, S. (Eds) ,SViVm(V and Liberation. Boston, MA, South End 
Press. 

R( Asi R, S.V. (1990) Irmale-Friendly Science. New York, Pergamon. 

SioHARi, G.. Eiwnni). J. and Qlmni a.n, M. (1992) ’Gender bias in examinations: How 
e’qual are the opportunities?'. British luincational Research Jonrnai 18, 3, pp. 261-76. 

Thom, R. (1973) ’Miulern mathem.itics: Does it exist?* in Howsi.n, A.G. (Ed) 
Developments ni Mathematics Fdneation, (Tunbridge, C'ambridge University Press, 
pp. 194-209. 

Thomas, K. (1990) Gendei and Subject in IIi\fher Fdneatiom Society foi Research in Higher 
Education and Open University Press, Buckingham. 



224 

i. c ; 



o 



Towards a Feminist Epistemohi^y of Marhematics 

VAN Si.RiiMA, I. (Ed) (1986) Bhuks hi Sciaue: Aiidvnt and Modern, New Brunswick, NJ, 
Transaction. 

Gi Ast Ksi-hi i), E. (1990) ‘An expositioii of construetivisin: Why some like it radical', 
ill Davis, R.B., MAiUiu., C.A. and Noddincn, N. (Eds) 'Constructivist Views on the 
Teaching and Learning of Mathematics’, Research in Mathematics Hducation, 
Monograph No. 4, Rest on, VA, NCTM, pp. 19-29. 

Wiivn-., J., Dia-M, R., Kani; L. and Cruk ksmank, M. (Eds) (1985) Girl Friendly 
Schoolinj^, Loi'idon, Methuen. 

Zasiavsky. C. (1973) Africa Counts: \ntnher and Pattern in African Cnlture, Boston, Prindle, 
Weber and Schmidt. 



me 



Chapter 25 

Mathematics: An Abstracted Discourse 

Betty Johnston 



It is clear that we woiiidn't have written this book and you wouldn’t be reading 
it if we weren't all concerned in sonic way about 'the gender imbalance in 
mathematics'. What is not so clear is just how we understand this imbalance, W'hat 
we believe its causes are, and what we think w'e should do about it. 

I have questions about this imbalance, which I cannot address here. How does 
the imbalance manifest itself? What 'facts’ arc we using to help us see it, who 
collected them, for what purpose, on what evidence? What docs ‘good at maths’ 
mean and how do \vc measure it? How do w-e construct our understanding of the 
‘facts'? How do we use it? And, finally, why do we care so very much that everyone 
should do mathematics? These are all questions addressed elsew^here by people 
such as Yves Chevallard (1989), Richard Noss (1991), Dorothy Smith (1990), and 
Valerie Walkcrdine (1988). 

All sorts of reasons have been proposed to account for the indisputable, 
widespread fear and dislike of mathematics. Some of these reasons are specifically 
related to women, others are more generally applicable to groups in our society 
who miss out — all are variations, more or less sophisticated, on the theme 'you 
must have been away at some point’, or ‘you must have had a bad teacher’, or 
'perhaps you thought it was unfeminine’, or 'maybe you haven't got a mathemat- 
ical mind’. And w^hilc all this weaves into the complex pattern that is our 
experience, perhaps we don’t take seriously enough the voices that say, again and 
again, ‘but it doesn't make sense’, and ‘what’s the point of it?’ Perhaps what they 
are saying simply is true. Perhaps mathematics, their mathematics, secondary- 
school mathematics, doesn’t make sense. Perhaps the fault is in the mathematics, 
and not the teaching, not the learning, not the people. At the very least, it is a 
question worth focusing on for a while. 

Mathematics is a human construction and learning mathematics is a social 
process (Ernest, 1991). Western society is saturated with numbers. Quantification, 
rationality and abstraction are intricately connected, increasingly embedded and 
highly valued in the scientific and technological world. What I am interested in 
is the interaction between mathematics and society, in how, for instance, the 
quantification of society' constructs us particularly, as women, and in how we 
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construct or resist it,. As Sue Willis (1989) argues, attempts to explain the gender 
imbalance shift the focus (voiu ^^irls can't (they are biologically incapable of doing 
so), to they dofi't (they are not socialized into that particular role), to they won't 
(they choose not to). The emphasis changes first from biological determinism to 
a more complex social determinism, and, from this still quite passive picture of 
women, to one that insists that individuals are active participants in their formation 
as mathematical beings. 

Two theorists who have grappled with the question of agency within structure 
are the Canadian sociologist, Dorothy Smith, and the German sociologist and 
psychologist, Frigga Hang. Both work from within feminist and socialist 
frameworks; both begin from, and value, the standpoint of women; both develop 
methodologies that allow examination of the interface betsveen the everyday 
world and the wider social structures. Both approaches would be valuable tools for 
our research, but I will focus here on the use of Hang’s memory- work. 

In examining the process of female sexualization. Hang (1986) developed a 
methodology' that has become known as memory -work. In the last five years, 
variations of memory- work have become quite widely used in a number of 
research projects worldwide. In Hang's original use of the method, a group of 
people interested in a given topic, and preferably from a variety of backgrounds, 
jobs, and disciplines, meet regularly. They write and analyse relevant ‘memories’ 
from their own lives; they collect and examine other materials — documents both 
old and new, dogmas, fury tales, proverbs, newspaper articles; they examine and 
discuss theories and opinions about the process they arc focusing on. They do all 
this from a theoretical viewpoint that seeks to use experience as the basis of 
knowledge and refuses to view people simply as bearers of roles, but sees them as 
active participants even perhaps in their own subordination. Gender, like class and 
ethnicity, is neither chosen nor given, but produced and therefore transformable. 
Memory-work ditfers from autobiography, being not an investigation of the way 
things really were with continuities retrospectively constructed, but a study of the 
processes through which we have become the people w’c are today. Hang and 
others recognize that individuals do not give objective accounts of themselves. 
But, they say, cnir reinterpreting, falsifying, forgetting and repressing do not need 
to be seen as obstacles to the truth, rather they can become opportunities for 
investigation. In examining how individuals construct their identity^ and w'hat 
becomes subjectively significant, \\c are examining how women grow' into the 
structures of society (Haug, 1986, p. 40). The emphasis of the investigation is not 
on controlling others, but on taking control for ourselves. 

I also wanted to examine the action of people within given social structures, 
to try to ‘identity points at which change is possible, where a shift from 
heteronomy (subjection to external law^s) to autonomy can take place' (Haug, 
1986, p. 41). To do this I have used the proct'ss of memory- work with a group of 
women in Sydney to reconstruct the process of mathematization through an 
examination of our own past experiences. We tried to tease out the W'ays in which 
the discourse of mathematics, all the varied knowledge, practices and beliefs 
surrounding mathematics, w'orks to insert us into its world, whether as successes 
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or not, and, how we, as individuals, weave ourselves into the mathematical world. 
We met for two or three hours every two weeks, usually on a Sunday morning, 
over a late breakfast, for a period of four months. The women involved in the 
group were, as in Hang’s original group, from a variety of educational and work 
backgrounds — a high-school science teacher, an adult-literacy teacher, a 
librarian, an engineer, a design student, a numeracy lecturer, a research assistant. 
This variety brings a range of experience and theoretical frameworks to the 
discussions and analysis, but we were not randondy chosen and so in no sense 
could we be seen as ‘representative’ of our particular backgrounds. Like Haug 
(1986), we arc not using memory- work to make statistically valid statements, so 
much as to explore possible relations and dynamics, and possible transformations. 

The memories and our discussions have revealed a wilderness of starting 
points: an absence of mothers and a persistence of fathers; a felt connection 
between sin and correctness; a surprising scnsuoiisness associated with many early 
memories of doing mathematics; widely differing understandings of the meaning 
of ‘cleverness’; mathematics as order, and order shifting between pattern, sequence 
and command; the violence of measurement; measurement and acai/n/^ability. . . . 
In this chapter I trace one strand that makes connections between gender 
imbalance and the discipline of mathematics. 

Listen to three of the stories written in response to the cue: ‘doing maths’. 
Members of the group were asked to write about an early experience of doing 
mathematics, and to write it in the third person in an effort to distance themselves 
and to prevent them censoring the stories, leaving out what might be significant 
connections, 

Kate 

Her memories are more impressions: maths was part of the fluid world of 
being in a cocoon which was school — impressions of warmth, laughter, 
friends, the certainty of the sums and the rules. Chaos was not a part of this 
world. Order, cut grass, humming summer heat and security. 

Alison 

8.30 am. Convent school under a tree. The three girls are animatedly 
discussing their maths homework from the previous night. Not set home- 
work. This was stuf}' they’d decided to do, they couldn’t wait to do, a well- 
worn mathematics pathway that had been trodden by thousands before them, 
a journey of discovery , . , The usual hum of maths conversations for these 
three students, Lynne could not get out problem 56, a tortuous piece of 
geometry which had left a smudgy trail of carbon pencil over the page. The 
same page was already indented by the pressure of earlier problems, so artfully 
deciphered that their presence could be felt as your hand progressed across the 
page. What a turn on! Sheila had fathomed 56, and proudly unveiled her 
solution . , . Lynne can’t believe she didn’t think up the solution herself — 
shit! With a flurry of rubbers, Lynne's page is erased. The now famous 
solution is recorded. The page is now even more smudged and creased — a 
beautiful record of human endurance and application. It looks tantastic! This 
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is the best part — what visuals! Their own shared mathematical aestheticism. 
Marie 

She’s about 1 1 -years old, crouched over her work, arms around the outskirts 
of her books, hiding it. Palms sweating. The extent of her shame, not 
knowing, dirtiness, must somehow be contained and hidden. Then there is a 
figure behind her, towering, menacing: Sister Peter, Her voice is cold and low 
and in a few words the shame, not knowing, dirtiness of the young girl are 
exposed, public. That’s wrong. What do you think you’re doing. Tear it out 
and start again.' Repeat the shame, repeat the humiliation. 

What links were being made? What silences were apparent? One link that 
surprised us was the strong sensuousness of the stories, from Kate’s ease and 
summer, to Alison's crumpled paper and messy pencil which she later described 
as the physical representation of thinking, to Marie's connection of fiiliire with 
mess, dirt and towering authorities. A silence that w'c noticed, after some time, was 
that none of the stories actually contained any mathematics. It seemed that not 
only had wc learnt in context, vve had learnt a context: it was the whole context 
that was remembered, though, except for Alison who had retained a little, the 
mathematics had fallen out. Why was the mathematics itself lost? 



An Ordered Daily Training . . . 

The point I want to follow here is our realization that the stories seemed to be not 
descriptions of a single occasion so much as a condensation of a number of 
repeated similar experiences, layered memories, Marie’s memory, for instance, 
reflected the continuing, everyday pettiness and horror of her first year at high- 
school; what we are seeing in each story is an ordered daily training towards a 
particular mathematical normality'. 



... By the Reduction to Mathematics of the Everyday World 

Much of the mathematics that most people use routinely is concerned with 
measurement, with the breaking up of wholes into parts. There is hardly an aspect 
of our lives free from this quantification. The history of the measurement of time, 
for instance, demonstrates its increasing use as a means of controlling working 
populations (some schools in New South Wales have teaching periods of 52.5 
minutes!). Arc there differences in how men and w’omen experience this 
quantification? Why. as Alison asked, did boys' watches have a second hand, while 
girls' only had hours and minutes? Chie strand in the struggle to be an active 
participant in her own life emerges for Marie from the unravelling of her 
memories about time, and connections betsveen paid work and the measurement 
of time: 
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Part of the struggle for me around work has been that I feel like I never 
do a good enough job and Td be much happier working for nothing, 
because I can be myself, and in fact my experiences with teaching 
absolutely confirm that , , , that when late last year, 1 worked with 
somebody for nothing, well for an exchange of energy — she’s going to 
do work on my garden — it was great, but when I work for money in 
my job full-time I . . . feel totally distressed, all the time, , , , and a feeling 
that I have a lot at work is that my time isn’t my own , , , there’s all this 
funding pressure now to take particular kind of people into our groups 
who will be able to articulate into the next exciting episode of TAPE, in 
six months time ... it has been fairly open-ended, it depends on people’s 
goals, but now it’s well a thing of people can’t spend as much time . . . but 
for a lot of people, yeah, that’s what they are wanting, that sort of control 
over their own learning and . . . confirmation and stuff, but it actually 
takes time to do that. 

Women’s work, paid and unpaid, is often described as a ‘double burden’. 
Frigga Haug (1992, p. 260) argues that it is more accurate to say that ‘women are 
located in two areas with contradictory logics of time’, the measured time of paid 
work and the unpaid, and therefore unvalued, situations where spending more 
time is better than rationalization. And so, she suggests, a certain resistance to 
mathematical thinking may be part of women’s upbringing in order to prevent 
schizophrenia. 



... By the Separation of Mathematics from the Everyday World 

For Kate also, the normality constructed in the process of mathematization, 

involved a not-bclonging, a separation of thought and experience. 

So maths geniuses are young because . . . because maths is so . . . thin, and 
they can say: I can understand it, because they think they only need to 
understand that much. I mean they are just totally unaware of what they 
don't understand . . . there are people who are very good at spotting 
patterns, and then there are other people, but they are very rare, who 
when they look at a. page they can see a pattern and it actually has a 
meaning in terms of reality for them . . . the only way I can describe it is 
it has a 3-D reality, it’s a real thing that's happening, but they can also sec 
a pattern . . . and I personally think the people who are not good pattern 
spotters are people who right from an early age have demanded that level 
of understanding, rather than it being the other way round ... like I’ve 
been able to do maths because I’ve accepted that 1 shouldn’t ask questions 
... I knew that I had pattern -spotting skills but suddenly they weren’t 
working and so why weren’t they working and it linked into this whole 
thing about not having this history of 3-D objects and in practical 
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situations linking with patterns ... I mean a lot of the guys haven’t made 
the connections between their experiences and pattern making but they 
do during the course . . . suddenly the course is making sense of their 
reality. . . . 

Like Kate, none of the women in the group had had the experience of these 
men in the engineering course, of mathematics reinforcing their reality. 



... In the Normality of Heteronomy 

As Marie’s early stories unravelled, at times very painfully, we often recognized 
ourselves. ‘With maths, everything had to be laid out and ordered and mine just 
never was . . . and also you knew there was a right answer . . . that I couldn’t 
necessarily arrive at through my own process . . . the right and wrong dichotomy 
is so strong and then . . . there’s a link with sin.’ 

Her sense of the external structures defining her responses, of herself as a 
victim, continued into high-school. 

I see school as a quite profound violation ... I think I’m a very skilled 
miimc and what started out as a way of surviving, picking up what was 
socially accepted behaviour and just reproducing it . . . while leaving 
something intact inside ... I think I actually really lost myself . . . My 
memories of maths at school, was that it was a construction that other 
people made for me and of me, but that I never shared myself with . . . 
and because I feel like I was mimicking and that things were not coming 
from within, then I have always had a very deep feeling of being found 
out one day . . . that one day the axe would fall down ... and I actually 
just remembered today that I did all right in mathematics, like I got an 
A for School Certificate [fourth year of high-school], and thinking, yes 
I got away with that, but I might not be able to sustain the act. 

To learn every day that it is normal that mathematical knowledge is externally 
given and monitored, that patterns reflect no reality, that a quest for a certain kind 
of understanding hinders success, that everyAiy practices are quantified and 
regulated by a vast array of indices, is to experience mathematics as a profoundly 
decontextualized discourse: an abstracted discourse that could refer to anything, 
and for most people refers to nothing (Walkerdine, 1992). It is to experience 
mathematization as the ordered daily training in the normality of heteronomy. 

The abstract mathematics that most of us know, like economics, ignores both 
its sources and its applications and consequences. That industrialized society' 
should have such decontextualized mathematics is no accident, Peter Denny 
(1986), in a study that compares the mathematics of a hunter society, the Ojibway 
and Inuit peoples of North America, with that of agricultural and industrial 
societies, has argued: 

[Our content-free] stymie of mathematics mirrors the style that is required 
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by industrial technology. ... the isolation of crucial variables and their 
manipulation independent of context is needed for the high degree of 
alteration of the environment achieved by industrial society ... It is 
inappropriate however for people in hunting societies who earn their 
living from a relatively unaltered environment . . . Since [the hunter] will 
not be controlling nature, isolated knowledge of crucial variables will not 
help, but inclusive knowledge of the whole pattern of natural processes 
will be imperative. (Denny, 1986, p. 142) 

The difference between the two kinds of mathematics is clear in the case of 
navigation. The navigator in industrial society can derive a direction from a single 
selected factor, magnetic north, and maintain this information in isolation by using 
a gyroscopic compass even if the magnetic field becomes disturbed. The navigator 
in a hunting society must pay attention to dozens of factors simultaneously. The 
Inuit hunter travelling by dog-sled through a blizzard must register changing 
conditions of snow, ice, wind, temperature, and humidity, all in large complex 
patterns, which, taken as whole structures, will successfully specify location. This 
high degree of contextualization can be achieved only if there is a general habit 
of treating information in context rather than in isolation. Therefore it will not 
surprise us if this inclusive style of thought shows up in the mathematics of hunting 
societies, just as the isolating style shows up in the mathematics of industrial 
society. 

In the industrialized world, mathematics has become so ‘con tent- free’ that, for 
example, the metric system gives as standard measures of length, millimetres, 
centimetres and metres — the first two, too small, and the last, too large for 
comfortable measurement of many everyday objects. Feet and inches may have 
been less elegant, or less useful to science, but a few inches or a few feet effectively 
measured most things that ordinary people needed. 

In modern, industrialized societies, with their proliferating global problems, 
increasingly complex and interrelated, such isolation is extremely dangerous and 
irresponsible. Abstract reasoning, Valerie Walkerdine (1992 ) argues, is not the 
ultimate pinnacle of intellectual achievement, but a massive forgetting which is 
intricately bound up with questions of power. Perhaps we should bear in mind 
Hegel's warning: 

[the analytical approach] labours under a delusion if it supposes that while 
analyzing the objects, it leaves them as they were: it really transforms the 
concrete into an abstract. And as a consequence of this change the living 
thing is killed: life can only exist in the concrete and one. Not that we 
can do without this division, if it is our intention to comprehend . . . The 
error lies in forgetting that this is only one halt of the process, and that 
the m:iin point is the reunion of what has been parted. (Hegel, 1975, 

P. r>3) 
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Mathematics: An Abstracted Discourse 



From Heteronomy to Autonomy 

If by ‘discipline’ wc mean ‘a branch of instruction or learning, then when we 
blame the iscipline of mathematics itself for the gender imbalance, we are guilty 
yet again, in our essentially mathematical habit, of isolating a single variable and 
treating it out of context. Wc are guilty of inappropriate abstraction. To return it 
to its context we need to consider not only its knowledge, but its practices, its 
construction of meanings and emotions, and its constitution as a process that 
inserts us into given social worlds. 

A step towards autonomy would be an appreciation of mathematics, not as the 
manipulation of the already abstracted, free-floating products of abstraction, but as 
the process of abstracting from the material context, and not only that, but of 
reconnecting to the concrete, to the context, as we are learning to do in ecology, 
learning to embed our knowing in an understanding of sources and consequences. 
It was not until recently that Marie took a course about adult learning: 

. . . that’s the only course that I’ve done that has in any sense come from 
me and touched me and it marked quite a profound personal shift . . . my 
first experience of that, of knowing in general and quite specifically in 
maths was with the maths anxiety workshop and the handshake problem 
. . . and this whole revelation, that it has a basis in concrete experience, 
that is if I understand the reality of it then I don’t need to know the rules 
because I can just get there again ... I could get back to the formula. 

And if you have people coming from their own experience, you have 
people who have self-confidence and are not fooled by Hewson and the 
rest of the politicians . . . and that’s something I experienced in this course 
... this extraordinary sense of being in a process, that everything has 
meaning . . . and could be, like we’re doing here . . . really enjoying using 
our own experience, no not using it, talking about it, valuing it to work 
on it, bringing together some ideas, to develop some knowledge ... it is 
really exciting and sort of passionate and enjoyable, but wc have people 
who are not socially controlled I think, in the end . . . and who come from 
being very damaged to increasingly feeling, I am worthwhile. 

And so wc travelled with Marie from a position as victim, from her training 
in the normality of heteronomy, to the possibility of ourselves also as actors, to the 
possibility of autonomy. 



And What Are the Costs? 

Even more fundamentally, maybe wc should be asking a different question, not 
why is there an imbalance, why don’t girls do as well as boys, but why does anyone 
ever do well in this ‘thin’ subject (as Kate called it)? And what are the costs, 
individually and socially, of the ordered daily training in the normality of 
heteronomy? 



Betty Johnston 
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Chapter 26 



Constraints on Girls’ Actions in 
Mathematics Education 



Marjolijn Witte 



Introduction 



The Dutch education system is based on a view that sees education as the 
transmission of knowledge, rather than as supporting the construction of 
integrated personalities, starting from individual differences. This emphasis on 
knowledge transmissioij creates a mathematics education that encourages students 
to model themselves after the experts who created mathematics. In this chapter, 
I argue that this is a view that also inhibits the participation of girls in 
mathematics. 

Many theories have been advanced to explain why more girls than boys in 
western society drop out of mathematics education (Sherman, 1981; Pedro ct a/., 
1981; Leder, 1985). And, in spite of various attempts to change this situation, this 
pattern still persists (see, for instance, Sangstcr, 1988; Burton, 1990). Of course, the 
mere fact that girls prefer careers that avoid mathematics need not constitute a 
problem in itself — provided it is a choice. Given this, the question is, ‘On what 
level, and what kinds of, intervention will be most effective in remedying the 
situation?’ 



Three Intervention Strategies 

In this section, three different change strategies are disdnguished. Most inter- 
ventions fall into the first category which emphasizes individual choice and factors 
that determine this choice. The second category focuses on the educational 
environment, while the third conceives of mathematics education as a subsystem 
of society, influenced by a dominant language. This language puts constraints on 
the actions of learners and, as I will argue, disadvantages girls. 
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Improvin^^ the Student 

The most frequently employed intervention strategy operates on the level of the 
individual girl. This strategy is based on hypotheses about what the average girl 
wants or can do. It may emphasize biological diflferences, such as girls having lower 
spatial-visualization abilities than boys, or the social construction of femininity as 
ways of behaving, choosing and acting. The aim ot this strategy is to look for 
factors that might determine high gender-related drop-out rates and negative 
attitudes towards mathematics education, and use these factors to inform the 
design and implementation of interventions. 

An example of this approach in the Netherlands is the governmental 
campaign, ‘Choose Exact', which tries to influence girls' choices towards the 
mathematical sciences. According to many theories about girls attitudes, girls lack 
a proper awarcness of the usefulness of mathematics. This diagnosis has been 
translated into the notion that girls have to be convinced that well-paid jobs are 
more accessible if they choose to study the exact sciences. The campaign failed to 
reach its target. Certainly, girls became more aware of the relevance of the exact 
sciences, but this awareness did not change their choices (Ministerie van 
Onderwijs cn Wetenschappen, 1990). Probably usefulness does not simply 
translate into career possibilities. 

A more essential criticism of this approach is that it is too ambitious. The 
tactors that seem to influence girls' choices are so many and so varied, and so 
interrelated, that choosing any collection of them on which to base an eflfective 
intervention is rather like buying a ticket in a lottery. A second drawback with this 
approach is that it focuses only on the girls and what shapes their behaviour in 
general. Very little attention is paid to their contact with mathematics as a 
discipline, as mediated by the educational system (for a feminist critique of the 
male character of much of science and mathematics see, tor example, Keller, 1985; 
Harding, 1986; Walkerdine, 1989). 



Iniprovifi^^ the Environment 

The basic idea behind the strategies in this category is to improve the educational 
environment in order to attract girls. This strategy', as applied in Dutch secondary 
mathematics education, has produced many changes in the curriculum and in 
methods of teaching. The most recent change was aimed at developing a term ot 
mathematics education which was more open to all learners, and supporting them 
to the maximum of their abilities and interests. Any remaining difterences, it was 
argued, would therefore be due solely to invariant differences at the individual 
level. This development, called 'realistie mathematics , deemed it important to 
build upon what pupils already know, their real-life experiences, the various 
concepts and procedures they have already developed. Hence, many diflerent 
individual conceptions of 'mathematics' w* •'e assumed possible. However, in the 
initial trials, 'realistic mathematics' was not as successful as hoped. Boys were more 
attracted by the contexts chosen than were the girls whose interests and 
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motivations were not encouraged as much as had been hoped (Dekker ct ai, 1985; 
Vos, 1988). These so-called ‘realistic contexts' seem not to appeal to girls’ reality, 
and any attempt to make them more attractive to girls cannot succeed as long as 
only one kind of reality, the kind that can be (ill-)defined by mathematical means, 
and not reality as individuals sec it, is permitted in mathematics education (Van der 
Blij, not dated). Very striking, in this regard, is dc Lange’s (1985) finding that it 
is often girls who point out the limitations of a mathematical model. Determining 
intervening factors in order to improve educational practice appears to be difficult. 



Iwprovhig the System 

In this approach, the content of mathematics education, or mathematics as a school 
subject in the context of society, is examined. Mathematics is not viewed as 
complete and immutable, but as a field which changes over time. Preferences in 
mathematics curricula relate to distinctions in the job market; distinctions in the 
job market relate to behavioural differences; behavioural differences relate to 
linguistic differences, etc. These relations are important for they tend to increase 
the stability of society. 

In the »*emainder of this chapter I will focus on the third strategy' outlined 
above. In the long-run. improvements at the level of the system, rather than at the 
level of the individual or the environment, may prove to be more effective in 
achieving a more permanent change in gender-related preferences for, and 
behaviour in, mathematics education. 



The Language of Mathematics Education 

In my view, mathematics education in the Netherlands, and in many other 
countries, is based on a certain dominant conception of mathematics: although the 
notion of mathematics as an open, increasing sy^stem seems to be accepted in 
theory, in practice mathematics itself is not a subject which is open to debate. In 
secondary school mathematics, th objectives are strictly prescribed, .is if 
mathematics were just a set of facts that children can acquire or re -invent and use 
in different domains, ‘Realistic contexts' are used as a means of rebuilding a pre- 
existing mathematical sy^stem. For example, ‘the rules for differentiation of 
elementary functions are “discovered" nr “re-invented" before the formal rules arc 
finally given and proved . . . Finally, the students [embark] on the formal-analytical 
approach. The process of conceptual matheniatization ends up with the differ- 
entiation rules, and their fornul proofs' (de Lange, 1987, pp. 71-2). 

I will distinguish between two basic conceptions of mathematics. The 
dt^ninam conception focuses on closed forms of mathematics, the validity' of 
which is b.ised on assumptions or .ixioms th.U need not be justified by local 
contexts. For this reason I will call it 'expert-n;athematics'. Inspired by the ide.is 
of the Dutch mathematician, Brouwer (1907), the second conception of 
mathematics focuses on the design of various forms of mathematics which are 




Matjolijn Witte 



justified by local needs and conditions. I call this second conception of 
mathematics ‘ uscr-niathematics’ . 

Expert-mathematics 

Expert-mathematics is based on an absolutist view of knowledge which pre- 
supposes that we can distinguish objects in our world and represent them by 
abstractions. The relations between abstractions are described, isomorphic to the 
more ‘concrete’ relationships between the objects. Abstract relations are expressed 
as sentences in a formal language and constraints arc put on which sentences, 
expressed as axioms, are relevant. Basing itself on abstraction, as it does, this 
language structures people’s activities in this environment by focusing on 
measuring, computing and comparing. 

Lakatos (1978) describes Euclidean geometry as the deduction of knowledge 
from trivial, true propositions (or axioms), on which the mathematical system is 
built. The deductive, or axiomatic, method is used to decide which sentences or 
propositions arc accepted as belonging to the mathematical system. The legitimacy 
of the axiomatic method is beyond the realm of control of the user of mathematics, 
and lies instead in the presupposition of the universal knowledge of nature, seen 
as an external authority. It is assumed that it is possible to make statements about 
reality, by basing a mathematical system on axioms which stand to reason, and 
circumscribing the possible theorems by quality criteria such as coherence, 
consisamey and completeness. As Lakatos (1977) says, ‘in dcductivist style, ... 
[mjathematics is presented as an ever-increasing set of eternal, immutable truths.' 

The properties of ‘expert- mathematics’ guarantee ‘a steadily accumulated 
body of knowledge, linear, hierarchical, dependable, reliable and value -free. 
Concepts do not develop, they arc discovered’ (Lerman, 1986, p. 71). ‘Counter 
examples, refutations, criticism cannot possibly enter’ (Lerman, 1986, p. 142). 

Ihe Restrictiom ou Pupils ' Actions 

Expert-mathematics implies a certain organization of the curriculum, which puts 
clear restrictions on pupils’ actions, both in terms of what they are allowed to 
produce and what processes they are allowed to use to reach the desired results. 
Not all of these arc necessary, and therefore, as Lakatos states, ‘it has not yet been 
sufFicicntly realized that present mathematical and scientific education is a hot bed 
of authoritarianism and the worst enemy of independent and critical thought’ 
(Lakatos, 1977, p. 142). As I stated above, the emphasis on knowledge- 
transmission creates a system of mathematics education in which students are 
taught to mimic experts. Children learn knowledge which is not necessarily useful 
to them in their (personal, or local) situations, or for solving their own problems. 
They are under the control of the teacher or the school textbook, outside 
authorities in matters which they feel arc also their own, and this can lead to 
feelings of stress. Confrey (1985) argues that if rules, procedures and mathematics 
are seen as steady, certain and objective, children will perceive their own ideas, 
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procedures, constructions and reflections as inferior and irrelevant. According to 
Confrey, this results in a negative attitude towards the subject, and generates apathy 
and aversion. 

The dominance of expert-mathematics is also visible in Dutch realistic 
mathematics education. Although, in theory, children have freedom to explore 
structures in real-life situations, in practice they are allowed to find only prescribed 
structures in situations presented by their textbooks. Situations are chosen by 
educators because they provide students with suitable contexts for acquiring 
certain prescribed knowledge, rather than leaving children to construct or develop 
their own knowledge through exploration within the given context. The 
problems which are posed have implicit boundaries, which structure the possible 
solutions and the permitted activities. Because expert-mathematics is mainly used 
in science or technical domains, the contexts and problems which are chosen in 
education are mostly from those areas. Students whose Veality’ is not such a 
technical one and who respond in these contexts by avoiding expert-mathematics 
are viewed as mathematically untalentcd. The majority of these students arc 
female. The school system, as it is presently organized, apparently induces 
avoidance of mathematics by women. To remedy this situation, we must abandon 
expert- mathematics and absolutist knowledge theory. 



The Possibilities of User-Mathematics 

User-mathematics, the second conception of mathematics mentioned above, 
provides an approach to mathematics education that holds much promise for 
increasing the participation of women in mathematics. It is related to a 
constructivist view of knowledge, the main proponent of which is Brouwer 
(1907). Mathematics, in Brouwer's view, does not deal with the representation of 
objects in reality. It must be seen as the product of human activity, as a mental 
construction, possibly shared by more than one person. According to Brouwer, the 
basic mathematical operation is the indication of a sequence of events in time. It 
is also the basis of actum. ‘These sequences were of a new kind: they were not 
given by a law (the automatic guarantee of infinite extension!) but by a choice 
process of the creating mathematician' (van Dalen, 1991. p, 9), Each person can 
make choices in a different way, and can order things in a way that is dependent 
ot the needs and preterences of the individual. In this way, each person builds his 
or her own mathematical system. The main characteristic of user-mathematics is 
the legitimacy of the mathematics constructed. This is not necess.irily bound to a 
certain ‘objective reality'*, but may be subjected to a perscMi's own needs and 
preferences in a particular situation. It is not necessary to stress external quality 
criteria, such as K)gical consistency or completeness. Every ordered series of 
events, produced by an individual, is seen as a certain mathematics, and the 
produced order is added to the series. In this way, external legitimacy is replaced 
by internal legitimacy. There is lu) need for any correspondence between relations 
and objects in the environment or in reality. ‘I do not recognize as true, hence as 
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niathcniatics, everything that enn be written down in symbols according to certain 
rules, and conversely I can conceive mathematical truth which can never be fixed 
down in any system of formulas' (Brouwer ct id., 1937, p. 452). ‘In this 
(Brouwerian) sense, mathematics is the overaU systematic discipline dealing 
legitimately with cvcrythhii^' (van Dalen, 1991, p. 10). Mathematics gives expres- 
sion to what people do. not to what they expect from their environment. Lakatos 
(1977) represents the same view when he states that mathematical activity 
produces mathematics. With a certain autonomy, mathematics develops as a living, 
growing organism troni the initial activity. It emphasizes the way individuals deal 
with their environment, using its properties as constraints. 

l\<cr-M(itlicffuitic< in Education 

User-mathematics construes a difterent type of pedagogy' from the one rec]uired 
for expert-mathematics. In expert-mathematics, children are bound to see the 
regularities that teachers or curriculum designers have designated tor them to see. 
In user-mathematics, by contrast, children have to find regularities in their own 
personal environment. They act as creative subjects; their .ictivities are directed 
towards the preservation and extension of their own universes, rather than towards 
the design of an 'objective' universe. User-mathematics does not oblige students 
to use the same model, which is also not necessarily bound to a certain calculus. 
The users do not have to be identical, as expert-mathematics requires. User- 
mathematics does not select students on the basis ot the possession ot certain 
talents, or on the ability' to solve calculable problems. Education ot this kind is not 
restricted only to a select group of students, who recognize the prescribed world- 
s' iew. 

Several concerns about user-mathematics should be addressed. First, providing 
for more subjective constructions docs lun necessarily make pupils less etTective in 
dealing with the world. Such constructions also take in what children want to do. 
Second, although children may impose linguistic constraints in their construction 
of mathematics, there is still the possibility of their communicating and sharing 
certain language elements. Children will be 'constructing their own knowledge, 
by comparing a new problem, idea, object, hypothesis against their existing 
experience, and conceptual system' (Lerman, 1986, p. 73). Shared constructs and 
shared knowledge are possible, but are not necessary. Both, however will fulfil the 
role of coordinating principles, rather than function as descriptions ot what is. 

Third, there is a serious danger of confusion in going only halt-way When 
teachers decide to adi')pt an approach which allows tor the possibility ot more 
personal and individual constructions, they often make problem-solving and 
problem-formulation their main forms of expression. The language of problem- 
solving then begins to dominate. All ('>t m.ithematics is retorniulatetl in its terms, 
but the underlying expert -mathematical nature ot knowledge is maintained. I he 
result is a confusion between what teachers take as a constructivist approach, and 
what they actually do. 
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User^MtUhantUics: A Promise for Girls? 

In support of niy claim, that user- mathematics will increase the participation of 
women in mathematics, I refer the reader to two situations in which students were 
able to choose their own methods of problem-solving using LOGO. In both cases, 
the authors, Sutherland and Hoyles (1988) and Turlde (1984), concluded that 
gender was no longer a reliable indicator of student motivation and performance. 
It is impossible for me to claim that every girl will have more affinity for 
mathematics after engaging in user-mathematics education. Neither can I claim 
that more equal numbers of boys and girls will choose to participate in more 
advanced mathematics, or in mathematically related domains, especially if these 
domains restrict themselves to current forms of mathematical modelling. But there 
is evidence that the choice and the exploratory mode that is characteristic of user- 
mathematics, and seldom present in expert-mathematics, is more attractive to girls. 
Apparently this is so, even in the area of assessment, for The creative constructive 
aspect of the take-home test, or the rwo-stage test (or essay), seems to especially 
appeal to girls. Most of the very best results came from girls' (de Lange, 1987, 

p.261). 



Examples of User-Mathematics in Education 

There are few, if any, examples of the full implementation of user-mathematics in 
education. But there are examples which meet some of the criteria. These criteria 
are two-fold: first, the user is stimulated to a (personal) production of events; and 
second, users put those ewnts in a certain order, including the order which has 
been produced, in order to deal with events and be more effccti\e in the situation. 
To clarify this, I give rwo examples. 

In a Dutch mathematics school textbook, a task is presented about holidays. 
In this (expert-mathematics) task, the students have to compare the costs of renting 
and driving two difi'erent cars o\ er different distances. They are encouraged to be 
as clever as they can, but they are only allowed to operate within the \ ery restricted 
area of tables and graphs. A user- mathematics approach, by contrast, would haw 
students list all 'things', like goals, events, directions or ways of travelling that are 
essential in making their own holiday plans. Afterwards they are asked to order 
these ‘things', to produce their own preferred way of travelling. This may lead to 
a comparison of the costs of renting and driving the two different cars, but it could 
also lead to the conclusion that some of the goals have to be changed in order 
to keep costs as low as possible, or that cost is of no importance at all. In 
usei 'mathematics, students are not judged on how they conform with standard 
rules of mathematical argument, but on the legitimacy of their own produced 
reasoning. 

A recent project, aimed at high-school students in the Netherlands, has 
developed integrated mathematics activities which fit well with the ideas of user- 
mathematics. Students arc allowed to choose between different kinds of tasks 
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(Obdeijn, Dalhocvcn and Johannink, 1990), and the acceptance of work about 
cartoons, a light-game, and phases of the moon shows a break with current 
straight-jackets. 



Conclusion 



In this chapter 1 contend that gender differences in interest in niatheinatics may 
be difficult to change if we confine our strategies to changing the individuals or 
their environment. In many studies it has been demonstrated that approaches like 
these might change the landscape, but the differences remain. The same caution 
pertains to situations where one allows for some variability in the autonomy of 
those involved, but assumes that gender differences arc dependent only on the way 
learning materials are delivered, for example, in a friendly or an authoritarian 
setting. 

In contrast, I have proposed a third strategy’ based on tlie notion that genoer 
differences in mathematics education are entirely system-induced. I have defined 
this strategN' by describing one way of changing the ‘language' ot the educational 
system and hence the dominant conception of mathematics as currently presented 
in most schools. I have suggested that we should explore basing mathematics 
teaching more on a constructivist form of mathematics. I have argued that this will 
increase the variety of students involved in mathematics. I did not argue, however, 
that this strategy' is sure to hit the nail cm the head. 

1 want to conclude by mentioning some new opportunities. There is a 
widespread interest in construetivist approaches to education, and this language 
already has a fine and extensive implementation in constructivist mathematics 
education (see. fc'ir instance, Ernest, 1991; \’on Cdasersteld, 1991). There are many 
opportunities fc'ir applving the asailable instruments but again, I bas e to stress, 
as I have done before, that it is easy to fail when one does not go the whole way, 
and also apply constructivist mathematics. 
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Epilogue 



Wc use the chapter of Nancy Shelley as our epilogue for it leads us to reflect how 
mathematics might look in the final phase of reform. Beginning from the 
assumption that we all carry with us a measure of reality which derives from the 
culture of western mathematics, Nancy Shelley stimulates us to imagine a 
mathematics which is not dominated by the experience of white men. She 
challenges the power of form and authority by adopting a non-traditional writing 
style. She calls to her aid T.S. Eliot’s Four Qtuntct<: in seeking to summon those 
realities she wants to acknowledge. She asks fundamental questions about the status 
of knowledge and how it is culturally influenced, the epistemological status of 
issues in mathematics and mathematics teaching such as the role and function of 
absolutes, prediction, otherness, authority, objectivity. Describing her early 
e.xperience of male domination in mathematics education, she makes a strong plea 
for challenging the relation of mathematics to war and calls for the necessity to 
fight for peace. She closes with a vision of a diflerent mathematics, which grows 
out of a culture which has no pretension to dominance, which affirms humanness, 
and w'hich relies on a culture of relationship, care and communion. According to 
Shelley the process by which it will grow is known, but the shape it will take 
remains to be determined. 
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Chapter 2 1 



Mathematics: Beyond Good and Evil? 



Nancy Shelley 



Each of us carries with us, at any one time, a number of realities, and it is through 
the interlocking of those realities that we come to understand the world around 
us. Sometimes we consciously limit what we allow to impinge upon us, in order 
better to handle a particular reality pressing in its urgency ‘Comprehension’, 
however, as Hannah Arendt* indicates, ‘does not mean denying the outrageous, 
deducing the unprecedented from precedents, or explaining phenomena by such 
analogies and generalities that the impact of reality and the shock of experience 
are no longer felt’. It will come only through acknowledging other realities, both 
those of others and our own. 

All of us carry with us a measure of reality which derives from the culture of 
western Mathematics. Since that culture permeates world views, values, ways of 
thinking, and its influence on attitudes is widespread, we need to fice and 
understand realities which draw their nourishment from its bones. 

I have used XS. Eliot’s Four Quartets to assist me in seeking to summon those 
realities we here would want to acknowledge. Just as he continually evokes imageT^ 
and thoughts which require us to ponder and think beyond the words used, I invite 
you to ponder similarly, allowing the ripples, which move out from the pebbles I 
drop into the pool of your listening, to stir the memory of your own experience.^ 

In this century, we have experienced the largest and most profound 
dev'elopment in science known in recorded history, and the consequent techno- 
logical explosion penetrates almost the entire globe. We are aware of ati evolution 
in mathematical thinking of tremendous proportions, although less able either to 
detect the full extent of its present effect, or perceive its future ramifications. 
Changes wrought by moving from the absoluteness of space and the absoluteness 
of time to the concept of a space-time continuum have yet to impact upon our 
consciousness. We know of differences in mathematics education which affect 
more than the skills we employ. These dig deep into our individual philosophies 
and impinge upon our understanding of mathematics itself 

Time present and time past 

Are both perhaps present in time futun, 

And time future eontained in timepast,^ 
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In this century, too. the world is experiencing the largest displacement of 
people from their homes in recorded history; the highest number of people facing 
hunger, malnutrition and death from star\*ation; levels of violence within 
communities, between nations, within nations, in homes and globally which are 
unprecedented; rampageous destruction, degradation and pollution of the envi- 
ronment; species elimination on a scale not previously known. All ot which 
co-exists with the greatest degree of universalist power ever exercised, yet which 
is accompanied by a wholesale disaffection with known political processes. 

Time piist mid time future 
Allou* but u little con<ciou<ues<A 

In the last decades of this century, it is possible to observe a burgeoning: in the 
re-awakening of cultural practice spawning new forms derived trom old traditions; 
in the re-learning of human dependence upon the resources ot the planet and 
interdependence with other life forms; in the re-appraisal of new shibboleths and 
old verities; in the re-discovery of the richness of understanding ‘otherness' and 
a reali'Mtion of the power ot respectfulness; in a re-assurance that a polity will 
operate effectively only when it is centred round the people who torm it. 

At the still point of the tumiuii world. 

W it her flesh 1 1 o r flesh less; 

W ither from nor totrords; ut the still point, 
there the dmur is. 

But neither arrest nor movement. . . . 

Except for the point, the still point 

7 'here iron Id be no dance, and there is 

only the dance.^ 

In the last decades of this century we are witnessing the re-emergence of ethnic 
rivalries stemming from submerged identities; some being retrieved from centuries 
ago. some recasting a continual struggle, some being revived after halt a century s 
incorporation. We can see the outbreaks of antagonism toward immigrant peoples 
reinvoking xenophobic fear, and we can see the regathering of opposition to 
repressive governments. Some of these manifestations exhibit new ideologies 
wrapped in old myths, some coalesce around an aggressive nationalism and many 
have become open markets tor the arihs trade. We can see the repercussions ot 
economic ideologies bringing trauma through disintegration or from gaining 
ascendency. We can witness, too. the demands of indigenous people for recognition 
of their claims to land, their insistence that their dignity and their cultures be 
ackiunvledged. and. we can see some fragile attempts of the descendants ot the 
invaders to appreciate their wisdom. 

Words, after speech, reach 
Into the silence. ( hily by the form, the pattern. 

(^tin uwds or music reach 

'Ilie stillness, tis a Chine.<e Jar >till 

Mores perpetually in its stillness.'' 
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Developments of such magnitude, occurring concurrently, demand that any 
attempt at understanding, and locating our place in it all, must hold the reality of 
these developments in creative tension. Alongside ways of thinking lie ways of 
doing; alongside operating globally lies living locally; alongside dreams of 
domination lie nightmares of oppression; in, and through, and round about the 
exercise of power lies massive insecurity. And holding the reality of these 
rudiments in creative tension can be done only through telling a story. 

I have been charged with this responsibility, and while any good story will 
have many stories within it, the prevailing one must needs be mine, carrying, as 
it does, the interlocking of my realities. I shall, too, etch in briefly some word 
pictures. The reality I derive from western Mathematics stems from teaching it for 
many years, being involved in teacher education and writing a thesis which was 
dealing with how different teaching methods affect the ways in which students 
come to acquire mathematical concepts. Other realities which I carry are 
grounded in the power of life-enhancing practices and adhere to my work, 
particularly over the past decade, in working, writing and taking action for peace. 
It will be in my story that I hope to encapsulate the things that need to be said 
imder my title ‘Mathematics: Beyond Good and Evil?' 

I asked the men, ‘What are you carrying 
wrapped in that hammock, brothers?' And 
thc'y answered, ‘We carry a dead body, brother.' 

So I asked . . . ‘Was he killed or did he die a 
natural death?' ‘That is difficult to answer, 
brother. It seems more to have been 
a murder.' ‘How was the man killed? 

With a knife or a bullet . . . ?' ‘It was 
neither a knife nor a bullet; it was a 
much more perfect crime. One that leaves 
no sign.' ‘Then how did they kill this man?' 

I asked and they calmly answered: 

This man was killed by hunger, brother'. 



Ability 

Throughout the early 1970s, in a considerable number of schools I visited, I 
observed that not only large numbers of children were fiiling in Mathematics, but 
that they hated it. Teachers were dedicated, burdened and very puzzled. I saw, too, 
that many teachers relied upon ascertaining whether a child had ability, or not, to 
decide how that child would be taught. 

1 loved the subject and greatly enjoyed teaching it. I had always seen that it 
was my responsibility to find a way to engage a student in the thinking, and to do 
that I searclied for the words, or the material, which brought forth his or her own 
experience. I could not believe it was possible to be definitive about whether a 
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child was ‘able’ or 'not able’. And, for me, there is a qualitative difference between 
what we can know about objects and what we can know about another human 
being. German, for example, has the two verbs, wissen and ketinen, which indicate 
this difference, whereas normal English usage has but one word, although the 
vestiges of distinction can be found in the language. I am indebted to Werner Pelz 
for the following; 

n%en is both 'to know' and 'knowledge'. I know this, that and the other, 
know how to do this, manage that — icii u’ciss. ... I may and nuist 
how to run a certain machine. II'7 .s‘m 7I is certain or yes, or no, 

binary. . . . IKhvcn gives manipulative power ... It is a matter of skill, . . . 
precision. 

Keiinen recognizes the other in his or her or its otherness, . . . [what] I can 
begin to kanu'iL has the character of ... a confession of faith, of an 
Anerkanitni< or acknowledgment. . . . Kcnneti implies . . . sympathy, 
empathy, patience, openness, deference. It is close to love . . [Emphasis 
in original] 

To 'know' a person is clearly distinguished from knowing an object. The 
merging of the two conceptual images permits the power and manipulation of 
humans, by other humans. 

It is of interest here to consider the sensitivity with which Australian 
Aborigines approach coming to know about other human beings. 

Aboriginal social life is very public and personal privacy is ensumd . . . 
through verbal privacy, particularly through an indirect style in much 
\’erbal interaction. ... [I]n situations where Alioriginal people want to 
find out what they consider to be significant or certain information, they 
do not use direct questions. Jnfonnation is soi ijht as part of a two-way 
exclianj^c. Silence and waitif[(j till people are ready, . . . are also central to 
Ahori{ji lal n'ays of seekin^i any substantial information.'^ [Emphasis in original] 

Modern . . . feeling[s] of isolation and powerlessness [are] increased . . . by the 
character which all . , . human relationships have assumed. The concrete 
relationship of one individual to another has lost its direct and human 
character and assumed a spirit of manipulation and instrumentality.’*' 



Absolutes 

When Newton formulated that. 

Absolute space, in its (.>wn nature, without regard to anything e.\ternal, 
remains alw.iys similar and immovable. 

and that 
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Absolute true and mathematical time, of itself and by its own nature, 
flows uniformly, without regard to anything external.' ’ 

he laid the foundation for the acceptance of the primacy and uniqueness of 
sequential time and for the replacement of the Aristotelian conception of space 
with one which henceforth became identified with the real space of the world. 
To acknowledge the absolute nature of space and time is to set them apart 
from humans — just as God had been set apart. To receive their absoluteness 
as true is to enable constructions built upon them to be separate from human 
experience. 

As Polanyi put it: 

the mechanical properties of things alone were primary , . , their other 
properties were derivative or secondary , . , This too was a theoretical and 
objective view, in the sense of replacing the evidence of our senses by a 
formal space-time map that predicted the motions of material particles 
which were supposed to underlie all external experience, ' “ 

This ‘formal space-time map' yielding its predictions of 'the motions of 
material particles' did not exempt humans in its majestic sweep 'to underlie all 
e.xternal e.xperience’. As Popper noted: 

Most openminded men. and especially most scientists thought that in the 
end it would explain everything, including . . . even living organisms.' ' 

So it came about that humans, too. could be observed and measured; tlieir actions 
predicted; they were likened to machines and the power of mechanism and 
physical determinism knew no bounds. 



77/c knowlcd<i;fc imposes a pottcru, and 
fdlsifics. 

For the piittcni is neie in every moment 
And eirry moment is o iietr mid shockifi{f 
\hlnation of oil we have been. 

The teaching/learning process, particularly that relating to Mathematics, has 
also been aflected by mechanism. When that process relies on seeing humans as 
being capable of being observed and measured by other humans through design 
of tests, through psychological practices, it is employing .i median istic view of 
human beings, and then, more than the learning of Mathematics is affected. 
Questions ot self-image are invok ed, and. of confidence which seeps through to 
other areas ot students* li\es. 

[If] I violate . . . basic human dignity. I am being violent.' ** 

From the noted Australian historian. Henry Reynolds, we le.irn that: 
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Aboriginal sclf-confidcnce was not 
ba*^cd solely on the mastery of 
particular skills but on the spiritual 
relationship with the land, the sense of 
belonging and responsibility . . 



I'redicrion 



Another element resides within our urge to ‘know in adxance'. The basis of 
prediction lies with our notion of causality and present ideas of cause and effect 
rely upon the acceptance of sequential time — given primacy by Newton. 
Aristotelian ideas of cause were teleological wherein ‘the “nature ’ of anything is 
not its first but fuMil condition’ — toward which it progressed, ioward perfection. ‘ ' 
Instead of cause ‘drawing you towards’, it switched to ‘driving you from behind’ 
— the thing that drove then became more ‘really’ real than you. 

Here the impossible iir.ion 
Of spheres of existence is iUtnal, 

Here the past and future 
Are conquered, atui reconciled. 

Where action were othertvise movement 

Of that which is only moved 

And has in it no source of movement — 

To come to know in ways that allow more and more to be foreseen, bestows 
a sense of power. It brings, as well, a sense of fear. As power from prediction 
increases, and when that power of intellect is transmuted through dominance to 
power political, ’tis then it seeks control. Only this year, in response to a law 
enacted in Washington State, the US Society of Psychologists found it necessary 
to make the public statement: ‘You cannot predict future criminality.’ Meanwhile 
there is little registering the accompanying insecurity which pervades the need to 
know events ahead of experiencing them. 



Otherness 



Throughout the period when 1 was writing the thesis. I was engaged in three 
particular programmes of mathematics teaching: one invok ed senior high-school 
students w ho had ‘dropped out’ of normal schooling, one involved women whose 
previous experience was that ot having 'failed', and the third involved a pilot 
scheme w'ith Aboriginal children w ho had been labelled ‘unable . Together these 
experiences iiu leased my understanding of what was embedded in the subject 
called Mathematu’s and what w'as built into the concept ot failure in the subject. 

In each of these three situations. I pliced a priority' upon establishing an 
atmosphere of trust, recognising the other in his or lur otherness. By an ‘opening 
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up’ and a ‘draw iig in’"*’ to an active experience of relation one to another, and of 
relation of each to the ‘matter’ in mathematics, it was possible to develop a new 
understanding of it. As the criteria for ‘correctness’ were re-established within 
each of the participants, that is. as they learned to take responsibility for decision- 
making, a process of learning took place, and mathematics became a meaningful 
exercise. The association wdth which they came to know atfccted what it was they 
learnt. Mathematics began to reveal some of its richness and became enjoyable as 
it offered new ways of thinking. 



Authority 

In my work in teacher education, I had noted that the diversity which the students 
displayed presented a problem for the school and tor the teachers, and indeed, it 
had become a pedagogical nuisance. At the same time. I came to realize that a 
strong factor which atfccted teachers was the authority the subject held for them, 
while a common perception of Mathematics in society was its rock -iike 
irrefutability. 

For me. diversity is something in celebrate as it brings into any experience the 
unexpected, which constantly reminds me of the ever-renewing capacity of living 
beings. Besides, w'hen diwrsity appears a problem, unitormity is lurking in the 
wings! 

Desiccation of the world of sense, 
Hvacuation of the world of fantasy, 
Inoperancy of the world of spirit; 

udiile the world niotrs 
In appetency, on its metalled ways 
Of time past and ti}ne future 

The world of spirit w as far from iiu)perative throughout the eighteenth and 
most of the nineteenth centuries. iu)r had the w'orld ot fantasy been evacuated, as 
mathematical insights came and ideas were born, as one writer described it. ‘in a 
veritable org\’ of intuitive guesswork'. The ‘ecstasy of progress’ opened up ‘a 
mathematical w'orld of immense riches’. 

It wMs not until the end of the ni aeteenth century that there w'as a return to 
the classical Check ideal of precisit)ii and rig(^n)us prt)t)f: to the employment of 
'logically precise reasoning starting from clear definitions and non-cc)ntradictory 
“evident" axioms’.-' With ihc ardimus w'ork of the Logicists. working on the 
several ‘pieces', we had a shaping of tlu)se ‘immense riches', and .ill otheis that 
tbllowvd them, in an attempt to fashion a w*hole — a hierarchical w'hole w'hich, 
it was hoped, would exhibit the same characteristics: consistency throughout, 
using argument based on logic, and. upon completion, the ackiunvledgmcnf of 
wilidity. The result has been a very substantial, indeed formidable, edifi. Yet, the 
sum of innumer.ible distinct fragments c>f validity does not constitute a verdict of 
truth. 




Nancy Shelley 

If the logic employed has, concurrently, become the basis for public argument 
and accepted rationality — as it has — it also allows the whole to assume an 
authority which is daunting and a visage of irrefutability which exudes great 
power. It was the authority of Aristotle which played a large part in the restricting 
of human thought for centuries. ’Tis this that most people encounter when 
introduced to western Ma<:hematics. Tis this which has earned its description as 
an objective body of knowledge. Tis this which further disconnects it from human 
experience. 



Objecrivity 

People now . . . tend to trust their own experience, their eyes 
and ears, less than a system which by virtue of its 
consistency is more rational than reality.-*^ 

In the opinion of many mathematicians thii objectivity' constitutes a strength; for 
most learners it is an impediment; for many teachers it is inhibiting and for much 
teaching/learning it becomes an imposition. For the subject itselt, it is damaging 
— it separates it from its roots, falsifies its history, and has dramatically influenced 
the direction its development has taken. Meanwhile, it ignores how mathematical 
ideas originate and limits mathematical thinking by channelling it in selected 
paths. 

Also, in its wake it brings a number of characteristics. It puts a high value on 
consistency and logic; validity' is prized. It is hierarchical. Through systematizing 
how Mathematics is to be viewed, the basis for decision-making has been taken 
out of the hands of teachers, of students, and, indeed, of all humans who come in 
contact with it; 'correctness' hereafter resides within the system — it becomes the 
authority' by which everything is decided. 

Any statement made out of objective reality comes across as a command; it 
dictates; certain conclusions are 'necessary'. The system itselt is now one of static 
permanence; its validity has become truth, and, as Hannah Arendt observed: 

the kind of truth derived from the paradigm of truth dependent upon the 

logical argument which informs western thought, is essentially coercive 

and, of its nature silences opinion and tries to impose unifoimity.-’^ 

Through its logic this Mathematics has become coercive and imposes 
uniformity’, for 

. . . the truth of a system . . . [comes] to be a threat to freedom . . . because it 
allows no romn for human diversity.^*’ 

Acceptance of this visage requires an imposition also, fc-^r it prescribes what 
shall be learnt, and, that does not derive in any w*ay from one’s experience; it 
requires compliance. 
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The more one conforms to anonymous authorities, 
the more one adopts a self which is not one's own, 
then, the more powerless one feels and 
the more one is forced to conform. 

If we remove humans and the earth from relationship, we turn both into objects 
to be acted upon; this is violence. This Mathematics holds over the heads of 
prospective learners impending decisions concerning their ability, particularly 
relating to how logical they are. It dominates. It seeks obedience. It seeks control. 
The subject is then seen to be more important than a student's engagement in it. 

This story of a Korean woman expresses it clearly: 

The major focus in the curriculum was learning 
mathematics and English and other foreign 
languages . . . Good grades automatically led us to good 
colleges. We frantically memorized the 
foreign vocabulary and mathematical formulas like 
robots so we could get good grades. It was a long and 
lonely adolescence.^^ 



Male Domain 

I, too, was beginning to feel lonely as I endeavoured to tease out and put flesh on 
the bones of my thinking, for I could not find mathematics people who knew what 
I was saying. Then, in 1976, I came to my first ICME, in Karlsruhe, and, thinking 
to test the waters, 1 offered a 'Short Communication', Two things stand out for 
me from that Congress. 

At a special session which was hastily arranged, along with others, I was 
invited to speak. There ensued a dialogue with some of the participants which was 
both lively and affirming. That dialogue was most important for me because, 
instead of feeling isolated, I learned there were other people across the globe who 
were exploring similar paths. 

The second thing that stands out for me from that Congress was the 
extraordinary feeling I had that it was totally male-dominated, despite the presence of 
a large number of women participants. I experienced very strong feelings of being 
pushed down and being held there, without any opportunity to conunent on what 
was happening. I checked out my impressions with some Australian colleagues — 
both female and male — and found that they, too, felt it. So we decided to do 
something about it and called a mee*“ing of women ‘to talk about ICME'. 

About seventy -five people came, both women and men, and out of that 
meeting lOWME, the International Organization of Women and Mathematics 
Education, was born. lOWME has affected the format of each ICME since, helped 
to bring the question of women and Mathematics into the arena, and now has 
branches in more than forty countries. 
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However, the path by which we moved from first calling that meeting to the 
establishment of lOWME and the acceptance of its first resolution, which we 
sought to present to the final plenary was not a smooth one. Some women were . 
actively discouraged from attending the meeting by male colleagues from their 
own country. Attempts were made to break up our meeting. We had to deal — 
and 1 choose my words carefully — with anger, alarm, obstruction and public 
derision. 

Of course. I was aware that Mathematics was considered a male domain. I had 
experienced non-acceptance at times, and knew that most girls did not do 
Mathematics. However, here was a direct experience ot being oppressed by the 
authorirv' of a large number of men who. very visibly, exercised control over 
proceedings, and .ippareiitly over what was acceptable as to how mathematics 
education should be developed. I had not before experienced the power ot 
ownership which men. eminent in their field, sought to exercise. 

From time to time, particular groups of people with, common interests come 
together with the specific purpose of furthering the development of an 
understanding of the world akmg certain particular paths. Western Mathematics 
is the product of the work of such a group, and it constitutes a very elaborate model 
of reality built up over several centuries. 

As Ursula Franklin noted: 

Models and analogies are always needed for communication, and in order 
to be useful tools for discussion, models and metaphors need to be based 
on shared and commonly understood experiences.'** 

Western Mathematics has moved away from ‘commonly understood experi- 
ences*. Its beginnings lie in the common experience and culture of European men. 
.ind constitute a model which they found enabled them to interpret the world. 
Much has been built upon those beginnings; it has. indeed, become an extremely 
el.iborate construction. It remains, however, a model, albeit a very powerful one. 

If a map is mistaken for the territory itself unrealiw becomes its monarch. It 
this model — from western Mathematics — is confused with reahw itself, validiw 
is translated into truth, what is one model only becomes the only reality — and 
a static one — and the intellectual power which the model bestows gives way to 
rigidiw requiring defence: to convince .issumes importance .md justification, 
compelling.'” 

As Barbara McClintock recalled: 

1 couldn't tell other people at the time because it was against the 'scientific 
method*. . . . we just hadn't touched on this kind of knowledge . . . [and 
it i^] \ ery difterent from the knowledge we call the only way." 

(/C. sdiil the bird: htiniiiti kiful 
Gnmef Ihvj irry much reiility. 

Now any model of reality has power for those who construct it ,md a model 
shared becomes the basis of a culture, centred round the reality which the model 
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affords, and bestowing its power. The construction of western Mathematics arising 
out of the culture of European men, and, having, as it does, their ‘historically 
determined values built into it’, as Mike Cooley expressed it. it must needs be a 
male domain. '' It is not surprising, therefore, in the presence of the heirs and 
architects of that model, to experience a sense of ownership. 

I <^iiid to niy soul, be still, dud luoit udtiiout hope 

For hope would be hope for the unrofig thiu^; wdit 

without lore 

For lore would he lore of the iinofii^ thinj^; there is yet 

faith 

But the faith and the lore and the hope are all in the 

waitifiif. 

IVait unthout thought, for yen are not ready for thoui^ht: 

So the darkness shall he the l(^ht, and the stillness 

the danchij^f'^ 



Peace and War 

What a bewildering world , . . 

They feed people with words, 
the pigs with choice potatoes. 

Each day, about 300 kiir of tropical forests are cut down, 
and, each day, around 160 kiir of land turns to desert. 

IVe must he still and still morinj^ 

Into another hi tensity 

For a further union, a deeper communion 

7hrou{jh the dark cold and the empty desolation, 

In my end is my he<^innh{^f^* 

The thesis was duly completed and it led me on to articulate more clearly what 
1 see as central to the teaching/learning process, to develop new methods of 
teacher education and to run workshops for practising teachers, 

1 hen, in the early 80s, 1 mad^ the decision to give up paid employment in 
order to work full-time for peace. In doing this 1 was giving precedence to a reality 
which had become more and more important to me. My commitment to peace 
did not arise out of fear of the possibility of war, but is grounded in my 
convincement of the power of life-enhancing practices, 

In most western minds throughout the 80s there was a preoccupation with the 
possibility' of annihilation which came out ot the heightened confrontation 
between the western powers and the Soviet bloc, made feasible by the enormity 
of opposing military juggernauts. 
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The number of people dying [in the world] 
as a result of malnutrition is equivalent to 
dropping a Hiroshima bomb every three day<:. 

[Emphasis in original]^ 

The engineering of the world’s annihilation goes hand in hand 
with the engineering of the world’s consent.'^ 

When massive numbers of people withdrew their eonsent, the superpowers 
backed away from the brink. 

Towards the end of the 80s came a rapprochetuent between the superpowers, 
and as affected the thinking in both east and west, the visage of 'the enemy’ 

dissolved. This brought much rejoicing which swelled in crescendo with the 
crumbling of the Berlin WiiU. There was. however, a murmur of insecurity. 

People ch(W{Je, ivui smile: hat thea^iotiy alhdes:^'^ 

When the crumbling became the symbol of a vaster internal fragmentation 
that sought its perestroika, the murmur of unease became persistent. There was little 
understanding that strategists, the military, and the industrial complexes, which 
depend upon governments’ subsidization, were working from different premises. 

Militarism has proven to have a particularly powerful 
ideological puU.‘*“ 

Where is there ati end of it, the soundless wailittii. 

The silent untheritii^ of autumn flowers 

Dropph{^ their petals and remainin^ef motionless; 

IHjcrc is there an end to the driftinj;> un^eckaeie — 

During the first half of 1990. the Pentagon devised its new military strateg'/ 
of mid-intensity conflict to replace that of high-intensity previously directed 
toward the Soviet Union. 



Tiere is no end, but addition — 

In the first half of 1991 we witnessed the Gulf War. which marshalled the 
combined forces of many countries. While the Iraqi people ficed the reality' of 
being bombarded, on TV screens throughout the world, viewers were bombarded 
with a virtual -reality display of the ‘theatre’ of war. Weapons took on human 
attributes: ’smart* weapons had 'eyes’, compu^^ers brains’ which ’made decisions’, 
and it was military targets and missiles which were ’killed’. Human beings acquired 
the characteristics of objects: if they were military personnel they ‘absorbed 
munitions’; if civilian, they were not hurt, maimed or killed but recorded as part 
of ‘collateral damage’ . ' 
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77»(’rr no end of it, the voiceless Wttiling, 

No end f() the withering ofmthered flowers, 

To the mowment of pain that is painless and 
motionless, 

To the drift of the sea and the driftitig wreckage . . 

The repercussions of that war will continue to reverberate for many years and 
in many ways. Few reactions will surpass the effect of the dehumanizing that took 
place: through people’s senses, through being an audience — assisted by that 
extraordinary switch of language — through the total exclusion of reference to 
maiming or killing of human beings and through the absence of outrage. The 
desensitization will have found its way into the crevices of people’s minds. 

the excessive power of a few leads to the dehumanization of all. 

. . . to discover that the moments of agony 

are . . . pernument 

With such permanence as time has.'^^^ 

At a NATO meeting in November 1991, the murmur w'as openly articulated 
when George Bush announced that since the loss of ’an enemy’ we now have 
‘insecurity’ and ’instability’. From the perspective of power, it appears that security 
and stability derive from having ‘an enemy’. 



Do fiot let me hear 

Of the wisdom of old men, hut rather of their folly, 
llieir fear effear — 

The values embraced in militarist ideology have taken 
on their own life and their own laws.**^ 

It seettis, as otie becomes older, 
lltat the past has another pattern, and ceases to 
he a mere secjnence — 

Or etrn development: 

From my past I began to see another pattern. Through my research into 
matters relating to war and peace. I learned that by far the greatest number of 
mathematicians are engaged in military research and development. In con- 
sequence, the single greatest area of mathematics work, today, is problem-solving 
for the military; the foundations of military scienee arc underpinned by western 
Mathematics. 

Mathematics, of course, can be piu to innumerable uses; some of those uses 
are disowned by mathematicians, some are manifestly invalid. Here, however, there 
are different matters to consider. First, since the military attracts, and funds, the 
majority, and tliosc designated the brightest, of today’s mathematicians, we need 
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to realize that the major development of mathematics is now channelled in very 
selected ways. 

Another matter germane to us here is why so many mathematicians fit readily 
into a particular type of research? What makes it conducive for one trained in 
mathematical thinking to be at ease within that cast found in a military culture? 

We live in a world where western culture is dominant; in a world where 
decisions made are described as logical and rational; where power is exercised 
through hierarchies; where authority has clout; where dominance is the norm; 
where power is exercised by the few over the many; where order is imposed by 
‘knowledgeable’ people; where power is enforced by military might. 

Western Mathematics plays a dominant role in western culture. People with 
mathematics qualifications are higlily respected; they enjoy status; their work is 
valued as a necessary and integral part of society. The logic which permeates 
western Mathematics, having been the basis of accepted rationality in western 
thinking for centuries, is now pervading the globe. Dealing with problems, it is 
common practice to redefine them in such a way as to facilitate their mathematiza- 
tion.''“ The culture of western Mathematics derives its strength from the 
dominance of its model of reality. This culture is now a dominant culture in the 
world, and, as with any dominant culturc, it lays claim to universality, to actuality 
and to uniqueness. Western Mathematics is value-laden. 

Every relationship of domination ... is by definition violent, whether or not 
the violence is expressed by drastic means. In such a relationship, 
dominator and dominated alike are reduced to things — the former 
dehumanized by ctii excess of power, the latter by lack of it."'' 

We live, too, in a world where the power of the military is great: where 
military ‘solutions’ are seen to be most effective, and the carrying out of orders 
most efficient; where training develops a particular reality which becomes 
mandatory; where problems are ‘refined’ to eliminate ambiguity; where the 
precision of military decision-making is admired amid the complexities of human 
issues; where training of personnel involves ‘killing the other’ in them; where the 
military is a major contributor to land degradation; where the military is a primary 
source of environmental poisoning; where it is recognized that an efficient killer 
is one who no longer contemplates the humanness of the enemy. 

Here between the hither (wd the farther shore 
IMiile tune is withdrawn, consider the fnttire 
And the past with an equal tnind,^^ 

Concurrently, in our world, increasingly, we can find more and more people: 
living frugally in order to be more responsible; regaining dignity through creative 
art; designing and constructing energy-etficient buildings; establishing commu- 
nity; developing relationship with the land; devising practical schemes of 
assistance; restoring ecosystems; renewing relationships within small groups; 
repairing environmental damage; networking with others locally, nationally and 
internationally. 
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Time past and time future 

Wiat mii^lit have been and what has been 

Point to one end, which is always presen t,^'^ 

There is. too, the possibility of a different mathematics which grows out of a 
culture which has no pretensions to doininance; which can yet engage a learner 
creatively; which affirms humanness; and which attends human needs and will 
embrace earthy things. A culture of relationship, of care, of communion. The 
process by which it will grow is known, the shape it will take remains to be made. 

To become renewed, transfij^ured, in another pattern, 

Today, too, we live in a culture of violence. A culture: where to dominate is 
to be strong; where power is maintained by violence; where to conquer is to stand 
tall; where some lives are counted more valuable than others; where decisions 
made to expend resources upon weapons are called rational while millions starve; 
where torture is frequently applied; where there is violence against the ‘other', 
against the poor, the hungry, women, the young, racial violence; where human 
dignity is constantly violated; where competition is promoted and to win is 
essential, the loser despised; where conditions are not negotiated, but imposed; 
and, where the violence of repression, of exploitation, of unemployment, of 
oppression, and destruction of the earth are widespread. 

IMhU we call the lH\{iinninj;i is often the end 
And to wake an end is to make a bej^innhiiJ. 
The end is where we start from, 

Competing realities of such magnitude, occurring concurrently, require that 
we constantly hold them in creative tension, if we want to attempt understanding. 
Each of us will take our place as we see fit; different realities will have different pulls 
upon us. 



To postpone or evade the decision is still to decide. 
To hide the matter is to decide. To compromise is to 
decide. There is no escape from this decision , . 

Is Mathematics beyond good and evil? 

In order to arrive at what yen do not know 

Ven nn/.vf by a way which is the u'ay (f({fnorance. 
In order to possess what you do not possess 
Vin/ by the u^ay of disp^ossession . 

In order to arrh>e at udiat yen (nr not 

Ven throuj^ih the way in which you are not. 

And what y(>n do not know is the only thu\ci yen 
And what y(>n (>u^n is what you do tiot own 
And udiere yen (irc i.s where you are notP' 
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Equity in Mathematics Education: 
Influences of Feminism and Culture 



Edited by 

Pat Rogers and Gabriele Kaiser 

Research and intervention over the past three decades have greatly 
increased our understanding of the relationship between gender and 
participation in mathematics education. Research, most of it 
quantitative, has taught us that gender differences in mathematics 
achievement and participation are not due to biology, but to complex 
interactions among social and cultural factors, societal expectations, 
personal belief systems and confidence levels. Intervention to alter 
the impact of these interactions has proved successful, at least in the 
short term. Typically, interventions sought to remedy perceived 'de- 
ficits’ in women's attitudes and/or aptitudes in mathematics by means 
of 'special programmes' and 'experimental treatments’. But recent 
advances in scholarship regarding the teaching and learning of 
mathematics have brought new insights. Current research, profoundly 
influenced by feminist thought and methods of enquiry, has 
established how a fuller understanding of the nature of mathematics as 
a discipline, and different, more inclusive instructional practices can 
remove traditional obstacles that have thwarted the success of women 
in this important field. Some argue that practices arising out of 
contemporary analysis will improve the study of mathematics for a// 
students, male and female al'ke. This book provides teachers, 
educators and other interested readers with an overview of the most 
recent developments and changes in the field of gender and 
mathematics education. Many of the chapters in this volume arose out 
of sessions. 

Pat Rogers is an Associate Professor of Mathematics and Education at York 
University, Canada She is well known in North America for her activist work 
in advancing the issue of women and mathematics education, and is currently 
promoting feminist teaching methods and curriculum transformation in 
mathematics. In recognition of her work by being appointed to the George 
Polya Lectureship of the Mathematics Association of America for 1992-94 
Gabriele Kaiser has worked as a researcher in the Department of 
Mathematics and Computer Science Studies at Kassel University, Germany, 
since 1981 Besides her continuing engagement in women and mathematics 
education, she is currently working in the area of comparative empirical 
research concerning the teaching of matheniatics in context with particular 
reference to England and Germany 
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